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INTRODUCTION 


The age we live in has been called the mechanical age. This is 
understandable when we realize that nearly everything we use in our present day 
living is, more or less, machine made. The age, therefore, being mechanical, needs 
men with mechanical knowledge - knowledge of tools (handtools and measuring tools), 


pipefitting procedures, procedures for welding and cutting equipment, brazing, and 
soldering. 


Each tool can be traced to a basic named tool that has, in many cases, been 
in use for thousands of years. As time progressed, the types of tools and 
equipment changed to a more complicated and mechanical mode. 


a 


This subcourse will enable you to learn the basic tools and equipment used in 
a maintenance shop. It is not intended to cover all tools used by a mechanic, but 
it will give you a job knowledge needed to perform your duties. 


This subcourse consists of three lessons and an examination organized as 
follows: 


Lesson 1 Common Use of Hand and Precision Measuring Tools 


Scope Knowledge of tools, uses, and care to include inspection and 
limited repair. 


Lesson 2 Pipefitting Procedures 
Scope - Function, nomenclature, and procedures of pipefitting. 
Lesson 3 Introduction to Welding, Cutting, Brazing, and Soldering 
Scope - Principles and procedures of welding and cutting 


equipment, brazing, and soldering. 


Please Note: Practice Exercises appear throughout each of the lessons. Refer to 
Page iii for complete instructions. 
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CHECKLIST OF TEXTS AND MATERIALS FURNISH 


Ordnance Subcourse OD 0017 


No texts, other than the Attached Memorandums in lessons, are used in support 
of this subcourse. Therefore, you are not required to return any texts to the US 


Army Ordnance and Chemical Center and School. 


This subcourse may contain errata sheets. Make certain that you post all 


necessary changes before beginning. 


Any references cited in this subcourse are general references and are not 
furnished. The following publications were used in the preparation of 


this subcourse: 


Note. - 


T 9-237, Operator's Manual: Welding Theory and Application 
T 9-243, Use and Care of Handtools and Measuring Tools 
Special Text 9-167, Soft Soldering 

Special Text 9-189, Metal Body Repair and Blacksmithing 
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NSTRUCTIONS FOR USE OF ANSWER SHEET 


LESSON EXERCISE QUESTIONS 


Le GENERAL. The procedure by which you will answer th xercise questions in this 
subcourse is probably new to you. The information is presented in a programmed 


instruction format where 
questions correctly. If 
directed to a portion of 
information. 


2. PROCEDURE. 


you immediately know whether or not you have answered th 
you have selected an incorrect answer, you will be 
the study text that will provide you with additional 


a. Arrange this subcourse booklet and your answer sheet (located at the end 
of the last lesson) so that they are convenient. Each exercise question has three 
choices lettered a, b, and c. Your answer sheet has three groups of numbers for 


questions 1 through 200. 
b, or c choices. 


b. Read the first e 
the question correctly. 
the 3-digit number that c 


c. After you have i 


The numbers indicated for each question represent the a, 


xercise question and select the choice you think answers 
Go to the question 1 area of your answer sheet and circle 
orresponds with the choice you selected. 


response list. If you se 
will be "CORRECT." This 
Read the rest of the resp 
to the next question. 


dentified the 3-digit number, locate it in the exercise 
lected the right choice, the first word of the response 
tells you that you have answered the question correctly. 
onse which tells why your choice was correct and then go 


d. If the word "CORRECT" is NOT the first word of the response, you have 


selected the wrong answer. 


another choice. Line out 


e. After you hav 


You will find the information necessary for you to make 
the incorrect 3-digit response on your answer sheet. 


read the reference, select another answer and circle the 


tR 


3-digit response for that 
with the response list to 
information about your ch 
out the 3-digit response 


choice. Again check the number for this second choice 

see if your choice is now correct and to obtain more 
oice. If your second choice is still not correct, line 
on the answer sheet and continue until the correct answer 


is selected. When you have answered all of the questions in an exercise, count the 


number of lined out respo 


f. You will notice 
consecutively from lesson 
the entire subcourse. Re 


nses and see how well you did. 


that the lesson exercise question numbers continue 


to lesson. This allows you to use one answer sheet for 


tain the answer sheet for your reference. 
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LESSON ASSIGNMENT 


Materials Required................-.20es 


SUQGGSESELONS } wise Bi sdesd eolers te Bled Sees B teas Bawa 


ATTACHED M 


SECTION I. 


EE 


Supporting Services 


Common Use Handtools and Precision 
Measuring Tools 


After studying this lesson you will be 
able to: 


1. Describe types, uses, and care of 
common handtools and precision 
measuring tools. 


2. Explain inspection and limited 
repair procedures. 


Attached Memorandum 
Response list and answer sheet 


Study each figure as you read the text. 


EMORANDUM 


GENERAL 


Tos INTRODUCTION. This lesson discusses some of the more common handtools and 


measuring tools used by maintenance personnel. As your knowledge of these tools 
increases, so will the proficiency of your shop. The job that will leave your shop 
will be of the highest quality because of the correct maintenance supervision given 
to the equipment under your control. Tools are one of man's greatest assets. The 


proper use of tools makes all jobs easier. 


The skill of the hands can be increased 


and the power multiplied by the use of a variety of tools that man has been 
designing and improving since the beginning of time. A mechanic should acquire a 
great deal of pride in the ability to use and maintain his tools well. 


2. DEFINITIONS. Handtools are defined as hand powered and hand operated tools 


nonprecision. 


that are designed to perform mechanical operations. Measuring tools are defined as 
tools that will measure work. Measuring tools can be classed as precision and 


3. SAF 


ETY PRECAUTIONS 


(GENERAL) . 


It is extremely important for all concerned 


to recognize the possibilities of injury when using handtools and measuring tools. 
The following safety precautions are included as a guide to prevent or minimize 


personal 


a. Make certain all 


b. Exercis 


c. Do not 


d Do not 


dropping 
mishaps. 


injury: 


tool handl 


s are securely at 


xt 


tools on hard surfaces, 


rem 


caution when handling edged 


etc, 


tools. 


Damaged tool 


1S car. 


tached before using them. 


use a tool for a purpose other than that for which it was intended. 


handle tools carelessly-carelessly piling tools in drawers, 
can damage tools. 


cause 


e. Keep your mind on your work so that you do not strike yourself or someone 
else with a hammer or sledge. 


f. Do not carry edged or pointed tools in your pocket. 


g. Always wear gogg] 


h. Hold driving tools 


surface. 


1 Use the right 


injure wo 


J. ‘De not 


rkers, 


(ore) 


t tool for the job. 


or bot 


use punches wit 


th. 


k. Do not use a tool that is oily or greasy. 
causing injury. 

1. When using jacks, 
lifting a vehicle, in case of jack failure. 

m ake sure work to be cut, sheared, chiseled, 


secure to 


n. When using a knife, 


prevent the tool 


from slipping. 


a spoke shave or draw knife. 


4. NONEDGED HAND 


a. General. 
used for cutting purposes 
designed to per 


tightening, 


pulling, 


b. Hammers. 


(1) 


hammer has a round ball 


General. 


These 


SECTION II. COMMON USE 


TOOLS. 


tools ar 
and do not 


n 


Machinist’s peen hammers ar 


hammering, 


filed, 


always cut away from your body, 


HANDTOOLS 


rmed nonedged handtools becaus 
have sharpened or cutting edges. 
form operations such as clamping, 
etc. 


mad 


etc, 


twisting, 


th improper points or mushroomed heads. 


les when chipping metal and when grinding edges on tools. 


rrectly so that they will not slip off the work 


The wrong tool may damage materials, 


It may slip out of your hand 


make certain to use blocking or other supports when 


is steadied and 


except in the case of 


hammers are shown in figures 1 and 2. 
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(C, 


they ar 
They are 
turning, 


not 


The machinist peen hammers are generally used by machine shop 
personnel and mechanics. 


most common used by mechanics being the ball peen hammer 


in several styles; the 
fig 1). The ball peen 
They 


l-shaped head and is used for all general purpose work. 
are classified according to the weight of the head without handle. 


Other types of 


BELL FACED CLAW 


Figure 1. Types of hammers. 
(2) Correct use of hammers. 


(a) Simple as the hammer is, there is a right and wrong way of using it 
(fig 3). The most common fault is holding the handle too close to the head. This 
is known as choking the hammer and reduces the force of the blow. It also makes it 
harder to hold the head in an upright position. Except for light blows, hold the 
handle close to the end to increase the lever arm and produce a more effective 
blow. Try to hit the object with the full face of the hammer. Hold the hammer at 
such an angle that the face of the hammer and the surface of the object being hit 
will be parallel. This distributes the force of the blow over the full face and 
prevents damage to both the surface being struck and the face of the hammer. 


= 


(b) Never strike a hardened steel surface with a hammer. This misuse is 
a serious safety hazard. Small pieces of sharp, hardened steel may break from the 
hammer and also from the hardened steel. Besides causing damage to the work and/or 
the hammer, a serious eye injury may result. 
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RAWHIDE MALLET 


Figure 2. Mallets and hammers. 


Figure 3. Right and wrong way to use a ball peen hammer. 


(c) Do not use a hammer handle for bumping parts in assembly, and never 
use it as a pry bar. Such abuses will cause the handle to split, anda split 
handle can produce bad cuts or pinches. When a handle splits or cracks, do not try 
to repair it by binding with tape, string, or wire. Replace It. 


(3) Maintenance of striking tools. Hammers, sledges, or mallets should be 
cleaned and repaired, if necessary, before they are stored. Hammer and sledge 
faces should be free from oil or other material that would cause the tool to glance 
off nails, spikes, or stakes. The hammer heads should be dressed to remove any 
battered edges. Inspect the handles of striking tools and make sure they ar 
secure to the head and do not have any cracks or splinters. Never leave a wooden 
or rawhide mallet in the sun, as it will dry out and may cause the head to crack. 

A light film of oil should be left on the mallet to maintain a little moisture in 
the head. 


c. Wrenches. 


(1) Types. Wrenches are used to tighten or loosen nuts, bolts, screws, and 
pipe plugs, special wrenches are made to grip round stock, such as pipe, studs, and 
rods. Spanner wrenches are used to turn cover plates, rings, and couplings. There 
are many types of wrenches and each type is designed for a specific use. 


(2) Fixed-end wrenches. 


(a) Open end wrenches. Various open end wrenches are shown in figure 4. 
They are usually doubl nded wrenches although some have a single open end. These 
wrenches are forged from chrome vanadium steel and heat treated. The size of the 
opening between the jaws determines the size of the open end wrench. For example, 
a wrench with a 1/2-inch opening in one end and a 9/16-inch opening in the other 
end is called a 1/2 x 9/16 wrench. The size of each opening is usually stamped on 
the side of the wrench. The openings are from 0.005 inch to 0.015 inch larger than 
the size marked on the wrench so that they will easily slip on boltheads or nuts of 
that size. Open end wrenches are made in many different sizes. Wrench sizes range 
upward in steps of 1/32 inch, starting with 5/32 inch up to 1-3/4 inches. The 
common open end wrench is made with the ends at an angle of 10° to 23° to the body 


of the wrench so that the user can work in close quarters. Other special 
open end wrenches may have the ends at an angle of 45°, 60°, 75°, or 90°, ora 
combination of two angles. The length of the wrench is determined by the size of 


the opening since the lever advantage of the wrench is proportional to its length; 
wrenches with larger openings are made longer and heavier to increase leverage and 
strength. 


(b) Box end wrenches. Box wrenches (fig 5) are so named because they 
completely surround or box the bolthead or nut. The opening in a box wrench 
contains 6 or 12 notches, called points, arranged in a circle. The box wrench is a 
safer tool than the open end wrench since it will not slip off the work. As little 
as one-twelfth of a turn can be taken at each stroke, if necessary, in close 
quarters. Box wrenches may have straight handles, they may be offset, or the box 
end may be offset. Box wrenches are available in the same sizes as are open end 
wrenches and usually have two openings: one opening, 1/16 inch larger than the 
other. Some openings may be 1/32 or 1/8 inch larger than the other. A ratchet box 
wrench usually has two 12-point openings and is not automatically reversible. 
However, it can be turned around to do both tightening and loosening operations. 
Being of sturdy, thin construction, they are convenient for working in limited 
spaces. Ratchet box wrenches are issued in four sizes ranging from 3/8 and 7/16- 
inch openings to 3/4 and 7/8-inch openings. 


Figure 5. Box and combination wrenches. 


(c) Combination open and box wrenches. Combination wrenches (fig 5) 
have one open end and a box wrench at the other end. Combination wrenches may be 
made with any combination of sizes, offsets, and angles as discussed above. 


(d) Socket wrenches. The common socket wrench is boxlike and made as a 
detachable socket (fig 6) for various types of handles. A socket wrench set 
usually consists of various sized sockets, a ratchet (fig 7), sliding bar tee, 
speeder, speed tee, ratchet adapter, nut spinner, 3/8-inch drive handle, and 
extensions. Socket wrenches have two openings: one a square hole which fits the 
handles and the other a circular hole with notched sides to fit the bolt or screw 
head or nut to be turned. The square hole is made 1/4, 3/8, 1/2, 3/4, or 1 inch in 
diameter; each must be driven with the matching drive or speeder handle. The 
notched opening may have 6, 8, or 12 points. Socket wrenches are the fastest 
wrenches to use, since the ratchet handle permits the socket to remain on the nut 
or bolt and the handle does not have to be removed from the socket for turning. 
Socket wrenches are sized from 5/32 to 3-1/8 inches in steps of 32ds, 16ths, or 
8ths of an inch. 
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Figure 6. Socket and crowfoot wrenches. 


COMMON SoCmET LZ PO 


DEEP SOCKET 42 POINT 


Figure 7. Socket wrench ratchets, handles and extensions. 
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Figure 8. Special socket wrenches. 


(e) Special socket wrenches. Some socket wrenches are not detachable 
and are of one-piece construction, such as the four-way socket wrench and the 90° 
offset handle shown in figure 8. Other socket wrenches are of the screwdriver 


a 


type, having a six-pointed or a square socket. These may be straight or offset and 
have a T-type or regular screwdriver handle. Two types of stud remover sockets are 
available that are used with any 3/4-inch square drive socket wrench handle. One 
type has an eccentric cam which grips soft or hardened studs. The driving shank 
extends through both sides of the housing to provide a bearing surface on each side 
of the cam and prevent binding. The cam type has a capacity of 1/4 to 3/4 inch. 
The heavy-duty wedge-type stud remover socket works on the wedge principle and 
takes a positive grip which can be released only when the tool is turned in the 
reverse direction. Two sizes of steel wedges are included with the socket. This 
type has a capacity of 9/16 to 1 inch. 


(f) Crowfoot wrenches. A crowfoot wrench (fig 6) has an open end in the 
box containing notches and a square hole which fits the handle. They are used in 
conjunction with the socket wrench handles having a 3/8- or 1/2-inch square drive. 
They range in size from 3/8 to 2-1/2 inches. 


SOCKET PLUG WRENCH SET > 


MULTIPLE PLUG WRENCH 


Figure 9. 
(g) Setscrew and hollow-head capscrew wrenches. 
hollow-head capscrews have a hexagon (six-sided) 
(Allen) wrench (fig 9) is L-shaped, is made of 


square section to fit these screws. Splined s 


FLARE NUT WRENCHES 


KEY SETSCREW 
WRENCHES 


Setscrew, plug, and flare nut wrenches. 


Most setscrews and 
The commonly known key 
and has a hexagonal or 


socket. 
tool steel, 
tscrew wrenches 


round stock with ends to fit little fl 
hollow-head capscrew set is also supplied. 
are used with the accompanying handles. 


(h) Plug wrenches. A pl 
square shape and is available ina 
They are usually 2 inches long. Plug wrenches 
transmissions, differentials, and all types o 
is a combination type having several different 
wrenches are made for a specific size plug. 1 


end plug wrenches with square ends are issued 


utes or splines in headless setscrews. 
This set has detachable sockets which 


(fig 9) are made of 
A 


ug wrench is a straight bar having a hexagon or 
range of sizes from 3/8 to 1 inch in width. 


are also made to fit drain plugs of 
gearcases. The multiple plug wrench 


size and shape ends. Most plug 


There are single-end plug wrenches 
that range in size from 3/16 to 11/16 inch with a hexagonal or square end. 


Doubl 
for 3/8-and 1/2-inch plugs and 3/8- 


and 3/4-inch plugs. These wrenches are normally 8 to 12 inches long. Socket plug 
wrenches (fig 9) have a 1/2-inch square drive to be used with socket wrench handles. 
(1) Flare nut wrenches. A flare nut wrench (fig 9) is a notched thin 


walled split box wrench especially designed to 
It is ideal for tightening brass 
thus, it does not slip and mar the nut. 
and have either a single or double end. 
inches. 


Flare 


tube flare nuts. 


Openings range in size 


fit over nuts in 
It grips the 
nut wrenches are 


very close places. 
nut on five sides; 
of 12-point design 
from 3/4 to 1-5/8 


e- 


(3) Adjustable wrenches. 


{a) Singe open end wrench. The single open end adjustable wrench (fig 
10) is similar in shape to the fixed end nonadjustable open end wrench, but has one 
adjustable jaw and one stationary jaw. The adjustabl nd wrenches issued have 1- 
3/8- to 2-7/8-inch jaw openings and are 24 inches long. A knurled nut is rotated 
to bring the movable jaw up to fit the nut or bolthead. 


CANES OF Brees 
hcg" | ene i 
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net) er res 
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STEAD DPE 
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Figure 10. Adjustable wrenches. 


(b) Auto and monkey wrenches. The auto and monkey wrenches (fig 10) are 
Similar in design. They are of sturdy construction and are made to fit a wide 
range of nuts and bolts. They are designed principally for turning odd sized nuts 


or bolts which the open end, box, or socket wrenches will not fit and when work 
requires a sturdy wrench. They are supplied in several sizes from 5 to 21 inches 
long. 


(c) Clamp pliers and vise grip wrench. The clamp pliers and vise grip 
wrench (fig 10) has one movable jaw and one stationary jaw. The movable jaw is 
adjusted by an adjusting screw in the base of the stationary jaw handle. The 
movable jaw can be clamped around a nut or bolt after setting the jaw to the de 
sired size. This type wrench is issued in two sizes: 1-1/8-inch jaw opening 
capacity and 7 inches long and 1-1/4-inch capacity and 10 inches long. 


(4) Pipe wrenches. 


(a) Adjustable pipe wrench. The adjustable pipe wrench (fig 10) has two 
jaws that are not parallel. The outer jaw, which is adjustable, is made with a 
small amount of play which provides a tight grip on the pipe when the wrench is 
turned in the direction of the movable jaw. This is the only wrench which will 
take a bite on round objects. The jaw always leaves marks on the work and should 
never be used on nuts or bolts unless the corners have been rounded so that you 
cannot turn it with another type of wrench. 
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(b) 


turn cylindrical parts, 
wrenches ar 


Thes 


Strap pipe wrench. 


jaws. 


5-inch pipe capacity size. 


(c) 
10) 


the pipe to b 


Adjustable chain pipe wrench. 


The strap pipe wrench 
but it will not mar the work because the strap serves as 
issued in a 1/8- to 2-inch pipe capacity size and a 1- to 


The adjust 
is a long handled tool with a single jaw anda leng 


(fig 10) 


table chain pipe wrench 
th of chain that fits around 


turned and over the connection at the end of the jaw. 


acts as the other jaw. 


pip Thes 
capacity of f 


(5) 
particular fo 


degree of pressure. 
of torque placed on the wo 
the bolt 


depending on 


Torque wrenches. 


rom 3/4 inch to 12 inches. 
A torque wrench 


rce (torque) to tighten bolts, 
A dial o 


ck. 


wrenches ar 


issued in several 


sizes. 


to receiv 


square driv 
pounds. 


(fig 11) 
nuts, 
r scale calibrated in foot-pounds 
The pointer moves to the right or left 
(left- or right-hand threads) 
They may have a 1/4-, 
socket wrenches and the capacity may range up 


capscrews, etc, 


1/2-, 


being tightened. 


or 


is also used to 


(fig 


The chain 


It is used for gripping rough pipework on large diameter 
wrenches range in size from 35 to 64 inches long and have a pipe 


is used for work requiring a 
to a desired 
indicates the degr 


of zero, 
These 
3/4-inch 

to 600 foot- 


(6) 
(a) 


turn flush type and recessed retaining rings, 
and parts which have hol 


of this 


(b) 
12) has 
closed, 
between holes 


adjustable spanner wrench is shaped like a hoo 
The position of the hook can be adjust 


wrench. 


two legs joined toge 


Figure 11. 


Torque 


Spanner wrenches. 


Fixed spanner wrenches. 


Adjustable spanner wrenches. 


found in many types of cover pla 


Fixed spanner wrenches 
cover plates, plugs, hose couplings, 
les or slots for insertion of the wrench pins or lugs. 1 


type spanner wrench is designed for a particular job. 


An adjustabl 
ther with a pivot pin. 


wrenches. 


tes and plugs. 
Ky 


and other parts. 
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ted to fit different 


(fig 12) 


le face spanner wrench 
The legs can be opened and 
thus allowing the pins at the end of the legs to fit the various distances 
Another type of 
called an adjustable hook spanner 
t size couplings 


are used to 


Each 


(fig 


Figure 12. Spanner wrenches. 


(7) Using wrenches. 


(a) Open end wrenches. It is important for a wrench to be a snug fit on 
a nut or bolthead. If it is too loose, the wrench will slip and round the corners. 
Make certain that the wrench fits squarely on the sides of the nut or bolthead (fig 
13 and 14). Offset open-end wrenches make it possible to turn a nut or bolt that 
is recessed and in limited quarters where there is little space to swing the 
wrench. Turn the wrench over after each swing so that the opposite face is down 
and the angle of the wrench opening is reversed (fig 14). Always place yourself so 
that you can pull on the wrench to turn the work in the desired direction. 


CAUTION: Do not push on a wrench; if the wrench slips or the bolt breaks loose 
suddenly, you may skin your knuckles and be thrown off balance. 


There are times, however, when the only way you can move the wrench is by pushing 
it. In this case, do not wrap your fingers around it. Push it with the palm of 
your hand and hold your hand open. 


A GOOD NUT HAS A ROCZE WEESCH 
SHARP CORNERS WRI GOURD COANE 


Figure 13. Fitting open end wrench. Figure 14. Use of open end wrench. 
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bolthead. 
wrenches. 


tighten 
cirele, 


(b) 


a nut 
Jatt 


it comple 


Box W 


or bolt. 


place it in a new posit 
cannot 
r setting 


wrench 
fo 
final 


them up. 
tightening. 


rench. 


tely off 


ana 
Unless 


Always select 
Box wrenches will not slip of 
A swing through rc of 15° 
there is 


the nut when 


th 


siz 


room 


tO 


slip o 


Afte 


wi 


and open 


th an open end wrench 
nd wrench 


Ff a nut, 
To set up 


1t 


is 


ideal 


of wrench 

and are pre 
is sufficien 
to swing 
it comes 


tion which will permit it to be swung again. 
1 for loosening 


ra nut 


loose or set up and 


that 


(c) 


fits the 


suited to the 
handle may be 


directio 


forth in order to 


raised f 


n for 


rom the nut 


sa 
the 


Socket w 


nut or bol 


job. If 
loosening 
turn 
at 


saves ti 


the point 


position 
screwdri 
nuts whe 
equipmen 


fits the recess of the screw being wo 
to give a final 


is used 


bolt so 
wrench ( 


adjusting nut until 
it does not fit 
and may also round the corners o 


Note. 


m 


ver. 


(d) 


When a 
handle can be swung 
where the 
and twisted 


t 
at 
nut 


A unive 


t is removed. 


Key (Allen) setscrew wrenches. 


there is 
made to ra 


the nut in 
the end o 
igh 


renches. 
t to be 


tchet in 
work. It 


t nut is 


means 
is started, 
than with a box wrench. 
re very popular and mor 
open end to do the actual turning. 


turns easily, 
rapidly betw 


it can usually b 


to give already tight nuts 


that fits the nut or 


ferably used b 
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that is, 


the side of the wrench 


(g) Pipe wrenches. 


1. Adjustable pipe wrench. The adjustable pipe wrench will work in 
one direction only. Always turn the wrench in the direction of the opening of the 
jaws. Apply force to the back of the handle. Since the top jaw is capable of a 


slight angular movement, the grip on the work is increased by pressure on the 
handle (fig 16). 


NUT FOR ADJUSTING JAWS 


APPLY FORCE TO BACK OF MANDLE 
IN DIRECTION INDICATED 


Figure 16. Using adjustable pipe wrench. 


2. Adjustable stra ipe wrench. When using the adjustable strap 
pipe wrench, loop the strap around the pipe in the opposite direction to that in 
which the pipe is to be rotated (fig 17). Slip the end of the strap through the 


shackle and draw it up tightly. Pull the handle to turn the pipe in the desired 
direction. The jaw at the end of the shackle will seat against the strap and, as 
the handle is pulled, the strap will tighten and turn the pipe. 


Figure 17. Using a strap pipe wrench. 


3. Adjustable chain pipe wrench. The adjustable chain pipe wrench 
is used in the same manner as the strap wrench. The chain acts as a jaw, when 
looped around the pipe, gripping the pipe on th ntire outer circumference. It is 


used for rough pipework on very large diameter pip 
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(h) Torque wrench. A torque wrench enables you to set up a nut or bolt 
when the force applied to the handle reaches the specified limit. Manufacturers’ 
instructions specify these limits of turning force. Cylinder head nuts and bolts, 
rod bearing caps, and other places on automotive and airplane engines usually 
require torque wrench limits. Select proper size socket wrench and attach to 
torque wrench square drive. Place socket wrench on work and pull the torque wrench 
handle in the desired direction to tighten the work. The tightening torque will be 
indicated on the dial or scale, depending on the type of the torque wrench used. 


(1) Spanner wrench. When using a pin-face spanner wrench (fig 18), 
insert the pins or lugs into the pinholes of the part. Keep the pin face of the 


wrench flush with the part surface and turn the wrench. Exert enough force against 
the wrench so that the pins do not jump out of the holes. Hose coupling spanner 
wrenches are shaped so that they fit around the coupling with the pin or lug at 


right angles to the handle. Insert the pin in the hose coupling pinhole. Pull or 
push the handle in the direction opposite the hook of the spanner wrench. Make 
certain the pin fits the hole and the force is applied with the handle 
perpendicular to the work. Use of an adjustable spanner wrench is shown in figure 
19%, 


Figure 18. Using a pin-face spanner Figure 19. Using adjustable spanner 
wrench. wrench. 
(2) Care and maintenance. Clean all wrenches after use. Apply a thin film 


of oil to metal parts of all wrenches prior to storing. Wrenches that come in 
sets, such as socket wrenches, should be returned to their cases after being used. 
The torque wrench, in particular, must be carefully placed in its box to prevent 
damage to the dial or scale. For long periods of storage, the wrenches should be 
covered with a rust-preventive compound and carefully stored in a dry place. 


d. Screwdrivers. These are used for driving or removing screws or bolts with 
slotted or special heads and are made in various shapes and lengths to perform 
specific jobs. The size of a screwdriver (fig 20) is indicated by the length of 
the blade; i.e.; a 6-inch screwdriver has a 6-inch blade. The width and shape of 
blade tips vary from a narrow parallel sided tip to a wide tapered tip. Some 
screwdrivers have special tips for cross-slotted recessed screws or bolts and 
clutch-bit screws. Special screwdrivers are provided with a ratchet arrangement. 
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Figure 20. Standard screwdriver. 


(1) Common screwdriver. The common screwdriver (fig 21) has a round 
steel blade anchored in a wood or plastic handle. The blade is forged from alloy 
steel and tempered. The tip is flat, hot forged to size, and heat treated. Common 
screwdrivers are tapered to give maximum strength. Handles are made of hardwood or 
plastic composition, usually fluted for a good grip. The blade is anchored in the 
handle by two or more tongs on the end of the blade, and in the case of a wood 
handle by a pin or rivet through the ferrule, handle, and blade. Some handles are 
integral; that is, the blade forms an integral part of some of the outside surface 
of the handle and is locked in place by rivets. Integral blade screwdrivers ar 
used for heavy-duty work. The blade can be tapped with a hammer to seat the blad 
tip in rusty screws. Other common heavy-duty screwdrivers have square blades so 
that a wrench can be used to turn them. 


—_—_——— 


ROUND BLADE - INTEGRAL HANDLE 


CABINET — ROUND SLADE 


Figure 21. Common, flat-tip screwdrivers. 


(2) Phillips screwdrivers (cross-ti . The tip of a Phillips screwdriver 
(fig 22) is shaped like a cross so that it fits into Phillips-head screws. 
Phillips-head screws have two slots which cross at the center. These screwdrivers 
are made with four different sized tips. Size 1 will fit No 4 and smaller size 
Phillips screws; size 2 will fit No 5 to 9 inclusive; size 3 will fit No 10 to 16 
inclusive; and size 4 will fit No 18 and larger sizes. Phillips screwdrivers also 
have different length blades ranging from 1 inch to 8 inches. 
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SPIRAL RATCHET 


Figure 23. Ratchet screwdrivers and screwdriver bits. 


(8) Using a screwdriver. 


(a) Driving screws. Use the longest screwdriver available which is 
convenient for the work. The width of the tip should equal the length of the screw 
slot and the tip must be thick enough to fit the width of the screw slot (fig 24). 
Hold the handle firmly in one hand with the head of the handle against the palm and 
grasp the handle near the ferrule with your thumb and finger (fig 25). Hold the 
screwdriver in line with the axis of the screw and center the tip in the screw 
slot. To drive screw in, press down with your palm and turn the screwdriver 
clockwise (to the right). When taking a fresh grip on the handle, steady the tip 
and keep it pressed in the screw slot with your other hand. Relax your other hand 
when you are ready to turn the screwdriver again. To drive screws easier, rub a 
little soap into the threads of a wood screw and put a drop of oil or a little 
graphite on a machine screw. Doing this will also minimize the chances of rust 
forming on the screws and will make them easier to remove. 


(b) Removing tight screws. When a screw cannot be turned at the first 
attempt to remove it, try to tighten it first, then turn the screwdriver opposite. 
Sequentially, tighten and loosen the screw until completely removed. If a tight 
screw with a damaged slot can be backed out partially, it is possible to remove i 
completely with a pair of pliers. 


(9) Care of screwdrivers. 


(a) Dressing and shaping. Vhen a screwdriver becomes nicked, or the 
edges become rounded, or when other damage occurs so that it does not fit a screw 
slot, it must be reground or filed. The sides must be parallel to keep the tool 


from lifting from the screw slot, and the tip must be square and at right angles to 
the sides and to the blade. If using a file, place the screwdriver in a vise. 

Vhen using a grinder, adjust the rest to hold the screwdriver against the wheel to 
produce the desired shape, parallel or concave. Do not grind away more material 
than necessary to remove nicks or square up the end. After squaring the tip, grind 
both sides until the tip is the required thickness. Dip the screwdriver into water 
frequently during grinding to prevent loss of temper by overheating. If the blade 
discolors {blue or yellow), the temper has been damaged. Retemper by heating about 


1-1/2 inches of blade to a cherry red with a torch. Immediately dip about 3/4 inch 


of the blade in clean cold water. Quickly rub the hardened end with aluminum oxide 
abrasive to brighten it. Watch the color creep back into the tip from the heated 
portion of the blade. When the color becomes light blue, dip the blade into water. 


The tip is now retempered and ready for use. 
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Figure 24. Proper blade for specific screw. 


ONE HAND TURNS 
SCREWDRIVER 


OTHER HAND HOLDS 
SCREWDRIVER IN 
SLOT 


Figure 25. Holding screwdriver properly. 


(b) Precautions. Handle the screwdriver carefully. Use the right sized 
screwdriver for the job. Keep the blade clean. Do not carry a screwdriver in your 
pocket unless it has a pocket clip. Never use a screwdriver for prying or 
chiseling operations. When difficulty is encountered in driving or removing screws 
that are hard to turn, do not use pliers to turn the screwdriver. Pliers will 
damage the screwdriver. For hard to turn screws, select a square bladed 


screwdriver designed for heavy duty, and a wrench which properly fits the blade. 


(c) Storage. After use, wipe the screwdriver with light oil and place 
in a rack or toolbox. 
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e. Pliers. 
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Some pliers ar 
glass holding and breaking pliers, 
and brake key and snapring pliers 


mad 


for specific jobs such 
ignition pliers, 


(fig 29) 


THROAT 


DIAGONAL CUTTING — 6 IN 


SIDE CUTTING. LONG NOSE 


Figure 27. Diagonal and side cutting pliers. 


PARALLEL JAWS i g ROUND NOSE 
FLAT-WIDE NOSE 


Figure 28. Parallel jaws, flat, and roundnose pliers. 
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Figure 29. Special purpose pliers. 


(2) Use of pliers. When using pliers, keep your fingers away from the jaws 
and cutting edges. Make sure the hinge or joint is tight before using pliers. 
Insulate handles of pliers when using them in electrical work with several 
thicknesses of friction tape, rubber tape, or specially manufactured rubber grips. 
When cutting large material within the capacity of diagonal cutting pliers, cut 
with the throat of the jaws, not with the points. The tendency of misalining the 
jaws will be greatly reduced. Once the jaws are misalined (sprung), it will be 
impossible to cut fine wire. To preserve the life of slip joint combination 
pliers, do not use them on very hard metal. Hard metal will wear off the teeth and 
the pliers will lose their grip. Use pliers only for the purpose for which they 
are intended. Do not try to increase the leverage of their handles by lengthening 
them with sections of pipe or other extensions. 


f. Vises. Vises are used for holding work when it is being planed, sawed, 
drilled, shaped, sharpened, riveted, or when wood is being glued. 


(1) Types of vises. 


(a) Machinist's bench vise. A machinist's bench vise (fig 30) is a large 
steel vise with rough jaws that prevent the work from slipping. Most of these 
vises have a swivel base with jaws that can be rotated, while others cannot be 
rotated. A similar light-duty model is equipped with a cutoff. These vises ar 
usually bolt-mounted onto a bench. 


(b) Bench and pipe vise. The bench and pipe vise (fig 30) has integral 
pipe jaws for holding pipe from 3/4 inch to 3 inches in diameter. The maximum 
working main jaw opening is usually 5 inches, having a jaw width of 4 to 5 inches. 
The base can be swiveled to any position and locked. These vises ar quipped with 
an anvil and are also bolted onto a workbench. 


(c) Clamp base bench vises. The clamp base bench vise (fig 30) usually 
has a smaller holding capacity than the machinist's or bench and pipe vises and is 
clamped to the edge of a bench. Holding capacity is generally 1-1/2 to 3 inches. 
These vises normally do not have pipe holding jaws. 
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Figure 30. Types of vises. 


(e) Pipe vises. A pipe vise (fig 31) is specifically designed to hold 
round stock. The vise shown has a capacity of 1 to 3 inches. One jaw is hinged so 
that the work can be positioned and then the jaw brought down and locked. This 
vise is also used on a bench. Some pipe vises are designed to use a section of 


chain to hold down the work. Chain pipe vises range in size from 1/8 to 2-1/2-inch 
pipe capacity up to 1/2 to 8-inch pipe capacity. 


(f) Machine table vise. The machine table vise (fig 32) is constructed 
so that it may be secured on a machine table and work held for subsequent machining 
operations. These vises either have a 3-1/2-inch jaw width and a 3-inch jaw 


opening, or a 6-inch jaw width with a 6-inch jaw opening. 


(g) Pin vise. A pin vise (fig 32) is held in the hand. Its overall 
length is usually about 4 inches. It has a chuck-type jaw which is capable of 
holding small stock from 0 to 0.187 inch in diameter. 


(2) Use of vises. 


(a) When holding soft metal in a vise, material softer than the 
workpiece must be used in the jaws to prevent damage to the work. The work should 
be held securely to prevent it from slipping but not so tight that it will damage 
the work. 


(b) When holding hard material, turn the screw of the vise up tight and 
tap the end of the handle sharply for the final tightening. 


(c) To hold irregularly shaped work in a vise requires a little thought. 
Make certain the jaws grip on a firm even surface of the work. The swivel jaw type 
of vise (not illustrated) is especially suited to hold tapered or irregular work, 
since one jaw can be swiveled. A tapered pin must be removed before the jaw can be 
swiveled. 


(d) Cylindrical work can be held between straight jaws; however, it is 
better to insert V-cut jaws over the straight jaws for this work. 
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LOCKING DEVICE PIPE 


ACHINE TARE 


Figure 31. Blacksmith's and pipe vises. Figure 32. Special purpose vises. 


(e) Finished work should be held between jaws of soft material or soft 
metal such as copper, brass, lead, or plastic. A piece of rawhide or soft leather 


laid over the vise jaws wil 


ll prevent damage to highly polished surfaces. 


(3) Care of vises. 


Keep vises clean at all times; they should be cleaned 


and wiped with light oil after using. Never strike a vise with a heavy object and 


never hold large work ina 
become sprung or otherwise 


small vise, since this practice will cause the jaws to 
damage the vise. Keep jaws in good condition and oil 


the screws and the slide frequently. Never oil the swivel base or swivel jaw 


joint-its holding power wil 


ll be impaired. When the vise is not in use, bring the 


jaws lightly together or leave a very small gap and leave the handle in a vertical 


position. 
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EXERCISE 


Note. - Answer each group of questions before continuing lesson. 
1. The hammer most commonly used by mechanics is the 

a. cross peen. 

b. ball peen. 

c. straight peen. 
2. What type of wrench is designed to use interchangeable handles? 


a. Crowfoot 
b. Combination 
c. Socket 


3. The size of a screwdriver is determined by the 
a. length of the blade. 


b. overall length of the screwdriver. 
c. width of the tip should equal the length of the screw slot. 


4. What should be remembered when using a screwdriver? 


a. Use the shortest screwdriver available 
b. Use soap on machine screws to drive screws easier 
c. Width of the tip should equal the length of the screw shaft 


5. Which pliers are considered as special purpose pliers? 


a. Battery terminal 
b. Lineman's side-cutting 
c. Slip joint combination 


6. Which type vise usually has the smallest holding capacity? 
a. Machinist's bench 


b. Clamp base bench 
c. Bench and pipe 


De EDGED HANDTOOLS. 


a. General. Edged handtools are designed with sharp edges for working on 
metal, wood, plastic, leather, cloth, glass, and other materials. They are used 
for cutting, punching, scraping, chiseling, filing, etc. Most edged tools have 
hard cutting edges or points and requir xtreme caution when using. 


b. Files. Files are used for cutting, smoothing off, or removing small 
amounts of metal. Files are made in various lengths, shapes, and cuts, and spacing 
of their teeth. Every file has five parts: point, edges, face of cutting teeth, 


heel or shoulder, and tang (fig 33). 


(1) Types of files. File teeth characteristics. 


(a) Single cut. Single cut files (fig 34) have a single set, diagonal 
row of teeth. The teeth are parallel to each other throughout the file. 
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Figure 33. Parts of a file. 


(b) Double cut. Double cut files (fig 34) have two sets of diagonal 
rows of teeth. The first set of teeth is called the overcut. On the top of the 
overcut set, a second set is made crossing the first. The second set is called the 
upcut and is not as coarse or as deep as the overcut. 


Figure 34. File teeth characteristics. 
(c) Rasp cut. Rasp cut files (fig 34) are made by a single pointed tool 


or punch which forms each short tooth separately. Teeth are formed consecutively, 
side by side, to form a line or a row of teeth. 


(2) File teeth spacing. The number of teeth per inch spacing (fig 34) 
varies slightly with the make of file. The spacing also changes with the file 
length, increasing proportionately as the length of the file is increased. A file 
may have a rough, coarse, bastard (medium coarse), second cut, smooth cut, and dead 
smooth grade teeth. For fast removal of metal or for rough work, the rough coarse 
and bastard files are used. For finishing, the second cut (small teeth), smooth 


cut (very small teeth), and the dead smooth (very fine teeth) are used. 
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(3) File shapes (fig 35). 
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Figure 35. Types of files. 
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Figure 36. Swiss pattern files. 


(4) Use of files. There are thousands of kinds, cuts, and sizes of files. 
This is due to the fact that there are thousands of different filing jobs, each of 
which can be done better by using the right file for the job. Therein lies th 
first rule on how to get the most out of files. The right file enables doing the 
job properly, whereas the wrong one does not and often, in fact, ruins the work. 
The right file saves time because it performs correctly, and usually faster, on the 
kind of metal or work for which it was designed. The right file permits a greater 
number of efficient filing strokes. Many factors enter into the selection of the 
right file for the job. In general, it may be said that different files are 
required to file a flat or convex surface; to file a curved or concave surface; to 
file an edge; to file a notch, a slot, or a square or round hole. But these 
factors can immediately become complicated by the kind of metal or other material 
to be filed; the kind, shape, and hardness of the object or part to be filed; the 
location, size, and character of the surface, edge, notch, slot, or hole to be 
filed; the amount of metal to be removed; and the degree of smoothness or accuracy 
required. All these conditions have a bearing on the kind, size, and cut of file 
which will best attain a particular objective. 


(5) Selecting proper file. 
(a) For heavy, rough cutting, a large coarse, double cut file is best. 
(b) For finishing cuts, use a second cut or smooth cut, single cut file. 


(c) When working on cast iron, start with a bastard cut file and finish 
with a second cut file. 


(d) When filing soft metal, start with a second cut. 


(e) When filing hard steel, start with a smooth cut file and finish with 
a dead smooth file. 
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(f) 


(g) When fil 


ing aluminum, 


When filing brass or bronze, 


finish with a second or smooth cut file. 


le 


curved tooth file. 


(h) 
file; 


(6) 
(a) 


horizontal 


(b) 


and is parallel to, 


Method of filing. 


For small work use a short file; 
for large work use a file that is most convenient. 


ad, or babbitt metal, 


Hold the file handle in one hand, thumb on top, 


the file with the fingers of the other hand. 


start with a bastard cut file and 


use a bastard cut 


Clamp the work securely in a vise so that the area to be filed is 


and projecting slightly above, the vise jaws. 


for medium sized work use an 8-inch 


and hold the tip of 


(c) Apply pressure on the forward stroke only. Unless the file is 
lifted from the work on the return stroke, it will become dull much sooner than it 
should. When filing soft metals, pressure on the return stroke helps keep the cuts 
in the file clean of waste metal. 

{d) Use a rocking motion when filing round surfaces. 

(e) When using a new file, do not apply too much pressure since th 
teeth will break off - do not force the file. File slowly, lightly, and steadily. 
Too much speed and too much pressure cause the file to rock and will round off the 


corners of the work. 


(f) Draw filing is used to produce a very smooth and true surface. To 
draw file, hold the file at right angles to the direction of the strokes, with your 
hands close together to prevent bending or breaking the fil Pressure should not 


be great and can remain the same 
The speed of filing is no 


important. 


on the back stroke, 


For extra smooth surfaces, 


emery cloth around the file and stroke in the same manner. 


(7) 
(a) 


brass or bronz 


Breaking in. 
Never us 


not use a new file on a narrow surface, 


edge of the metal 


(b) 
filings. 
pinning. 


is likely 


Cleaning. 


to break off the sharp point 


After using a new file, 
Using a clogged file will scratch the wo 


One way to help prevent pinning is by rubbing chal 


Care and safety precautions. 


A new file should be broken in by using it 
it first to remove the fins or scal 


such as sheet metal, 


because the nar 
ts on the file 


first on 
les on cast iron. 
COW 


teeth. 


th 
ck - 


teeth wil 


ed 
th 


is call 
n the t 


be 


the best 


fore filing. However, 


scorer and file cleaner brush. 
cl 


furnished with the fil 


fil 


cl 


method to keep th 
A scorer is a small 
aner brush, 


teeth and grooves in the 
brush. 
file scorer blade parall 


file clogged too 
When cleaning a file with a fil 


SF 


file parallel to the rows of teeth with th 


(c) 
1. 


clips, straps, 


tightly with metal 


pointed 


metal instrument, 
and is used for cleaning out individual 


an is to use a 


to clean with the 


scorer, 
teeth. 


us 


to the rows of 


a pulling motion, 
Finish cleaning by brushing the 


fa VEC 1 


Safety precautions. 


or in holes cut in a block of wood. 
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aner b 


Store them in separat 


rush. 


holders, 


file 
often 


al Do not throw files in a drawer or tool box where they can rub 
against each other or against other tools. 


as well as on the draw stroke. 
wrap a piece of 


Do 


Ll clog up with metal 
this condition 
lk betw 


holding the 


such as 


2. Use the files as instructed and clean them often. 


3. Never use a file without a securely attached handle unless it is 
of the Swiss pattern type. 


4. Do not use files for a purpose other than for which they were 
intended. 


5. Do not use oil since this will cause the file to slide across the 
work preventing fast cutting. 


6. Never strike the file against a vise or other object to remove 
filings. Use the file cleaner brush. 


7. Never store files with lubricants or rust-preventive compounds on 
them. Wrap each file in a waterproofed barrier wrapping paper and place the files 
in racks or boxes so that the faces or edges of the files will not touch each 
other. Keep files dry. 


c. Hacksaws. These are saws used for cutting metal, much the same as a 
carpenter's saw cuts wood. Common hand hacksaws have either adjustable frames or 
solid frames. Hacksaw blades of various types are inserted in these frames, for 
different kinds of work. Adjustable frames can be changed to hold blades from 8 to 


16 inches long; solid frames, although more rigid, will take only the length blade 
for which they are made. This length is the distance between the two pins which 
hold the blade in place. All hacksaw frames hold the blades either parallel or at 


right angles to them and are provided with screws for pulling the blades tight. 


(1) Hacksaw blades. Hacksaw blades are made of high-grade tool steel, 
hardened and tempered. There are two types: all-hard and flexible. AU-hard blades 
are hardened throughout, while only the teeth of the flexible blades are hardened. 
All blades are from 7/16 to 9/16 inch wide, have from 14 to 32 teeth per inch, and 
are from 8 to 18 inches long. Each blade has a hole at each end which hooks to 
pins in the frame. 


(2) Set. The teeth of all hacksaw blades are set to provide clearance for 
the blade; the thr different kinds of set are alternate set, raker set, and 
undulated set. Alternate set means that alternate teeth are bent slightly sidewise 
in opposite directions; on a raker set blade, every third tooth remains straight 
and the other two are set alternately; on an undulated set blade, short sections of 
teeth are bent in opposite directions. A blade should be set just enough to give a 
free, smooth, rapid cut ina slot just wider than the blade itself, removing no 


more stock than is necessary. 


(3) Selecting hacksaw blades. Selecting the best hacksaw blade for a 
specific job is a question of using either an all-hard or flexible blade having a 
pitch (number of teeth per inch) best suited to the work in hand. 


(a) An all-hard blade is best for sawing brass, tool steel, cast iron, 
rails, and other stock of heavy cross section. 


(b) In general, a flexible blade is best for sawing hollow shapes and 
metals of light cross section, such as channel iron, tubing, tin, copper, aluminum, 
or babbitt. 


(c) Use a blade with 14 teeth per inch on machine steel. This coarse 
pitch makes the saw free and fast cutting. 
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(d) Use a blade with 18 teeth per inch on solid stock, aluminum, 
babbitt, tool steel, high speed steel, cast iron, and so on. This pitch is 
recommended for general use. 


(e) Use a blade with 24 teeth per inch on tubing, tin, brass, copper, 
channel iron, and sheet metal over 18 gage. If a coarser pitch is used, the thin 
stock will end to strip the teeth out of the blade and make it difficult to push 
the saw. Two or more teeth should be in contact with the work. 


(f) Use a blade with 32 teeth per inch on thin-walled tubing and conduit 
and sheet metal thinner than 18 gage. 


d. Shears and cutters. 


(1) Hand shears. 


(a) One of the handiest tools for cutting light sheet metal is the hand 
snip tin snips). The straight hand snips (fig 37) have blades that are.-straight 
and cutting edges that are sharpened to an 85° angle. Snips like this can be 


obtained in different sizes ranging from the small 6-inch snip to the large 14- 
inch. They are designed to cut sheet metal up to one-sixteenth inch in thickness. 
They will also work on a slightly heavier gages of soft metals such as aluminum 
alloys. 


HAWK BILL 
TINNER’S 
SNIPS 


TRIMMER'S 


C yy STRAIGHT BLADE 


ae 


Figure 37. Hand shears. 


(b) Snips will not remove any metal when a cut is made. There is a 
danger, though, of causing minute metal fractures along the edges of the metal 
during the shearing process. For this reason it is better not to cut exactly on 
the layout line in an attempt to avoid too much finish work. 
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t circles o 
lly designed for circular 
these snips 


hand snips are useless. Use the 
T t only avoids 


This not 
also gives you greater cutting leverage. 


sprung, 
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r small arcs with straight snips. There 
cutting. They are called hawk-bill 
in the same manner as you would use 


sam 
Zes. 


Many snips have small serrat 


tends to prevent 
his featur 


does make th 


precautions. Like straight snips they come in 


tions (notches) on the cutting edges of 
them from slipping backwards when a cut is being 


slightly. 


or special jobs. 
fF work. 


t ease of cutting 
d, or if they are 


You can remove 
for dressing the metal to siz 


arn to use snips p 


actual cutting much easier, it mars the 

these small cutting marks if you allow 
There are many other types of 

The snips discussed here can be used for almost 


roperly. They should always be oiled and 
and to produce a surface that is free from burs. 
too far apart, the snips should be adjusted. 


(g) Never use snips as screwdrivers, hammers, or pry bars. They break 
easily. Do not attempt to cut heavier materials than the snips are designed for. 
Never toss snips in a toolbox where the cutting edges can come into contact with 
other tools. This dulls the cutting edges and may even break the blades. When 
snips are not in use, hang them on hooks or lay them on an uncrowded shelf or 
bench. Never use tin snips to cut hardened steel wire or other similar objects. 
Such use will dent or nick the cutting edges of the blades. 

(2) Bolt cutters. Bolt cutters (fig 38) are used to cut bolts, rod, wire 
rope, cable, screws, rivets, nuts, bars, strips, and wire. A bolt cutter is shaped 
like a giant shears with short blades and long handles. Different cutting edges 
are designed for specific applications. 

CUTTING JAW CUTTING SUITING 


SIDE NUT SPLITTER 


Figure 38. 


CLIPPER CUT 


pescrues 1 TLS 


CENTER CUT 


CUTTING JAW: 


Types of bolt and nut cutters. 
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(3) Care _o 
pivot screw or bolt 
oxide abrasive cloth. 
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box where 
than the tool was designed 
pry bar, 


edges do not come in contact with other met 
e. Chisels. 
(1) Chisels are tools that 


are made from a good grade 
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The other end is shaped to do a pa 


most common used metal punches. 
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tool from slipping around in the 
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Prick punch. 


Center punch. 


Alining punch, 


Drive pin punch, 


——_ 


Drift. 


Figure 40. Commonly used metal punches. 

(2) Drift punches, sometimes called "starting punches", have a long taper 
from the tip to the body. They are made that way to withstand the shock of heavy 
blows. They may be used for knocking out rivets after the heads have been chiseled 
off, or for freeing pins which are "frozen" in their holes. After a pin has been 
loosened or partially driven out, the drift punch may be too large to finish the 
job. The followup tool to use is the pin punch, for it is designed to follow 
through the hole without jamming. Always use the largest drift or pin punch that 
will fit the hol These punches usually come in sets of three to five assorted 


sizes and will 
that is extremely tight, 
slightly smaller than 
loosens, 
starting a pin, 
break. 
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to permit reassembly in their 
y ground central with 
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e to take care of a center punch and 


One of these is the 


It is generally heavy 


(5) A prick punch is made of hardened tool steel ground to a slender, long 
tapered, cone-shaped point terminating in a sharp 30° conical tip. It is used to 


mark or identify scribed or layout lines on a piece of work, usually soft metal 


lin 


such as brass. These marks are made at short intervals so that the referenc 


will be easily located. 


EXERCISE 


7. Which file should be used to file the gullet between saw teeth? 


a. Triangular 
b. Pillar 
c. Flat float 


8. The hacksaw blade recommended for general use is the blade with 
a. 14 teeth per inch. 


b. 24 teeth per inch. 
c. 18 teeth per inch. 


9. When cutting light sheet metal, which tool will not cause any metal to be 


removed? 
a. Hacksaw 
b. Snips 
c. Trimmers 
10. Which chisel is used for cutting keyways? 
a. Diamond point 
b. Machinist flat 
c. Cape 
11. Which punch is used to lay out lines on a piece of work? 
a. Prick 
bs Beret 
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SECTION III. PRECISION MEASURING TOOLS 


6. MEASURING TOOLS. 


a. General. Measuring tools are designed for measuring work accurat 


tel 


Vy. 


They include level indicating devices, noncalibrated measuring tools (calipers, 


dividers) for transferring dimensions, calibrated measuring tools (rules, 
micrometers) designed to measure distances in accordance with one of seve 


tapes, 
ral 


standards of measurements, gages which are machined to a predetermined shape and 


size for measurement by comparison, and combination tools such as combina 
square designed to perform two or more types of operations. 


b. Rules. All rules (scales) are used to measure linear dimensions 


tion 


They 


are read by a comparison of th tched lines on the scale with an edge or surface. 
Most scale dimensions are read with the naked eye, although a magnifying glass can 


be used to read graduations on a scale smaller than 1/64 of an inch. 
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is the one most 
graduations. 


(1) Types of rules. 


(a) Steel rules. Steel rules (fig 41) are available from a fraction of 
an inch in length up to 4 feet or more, but in machine shops the 6-inch pocket rule 


and 100ths; 12ths, 


an inch. 
mill 


imeters. Som 


t commonly used. There are also several standard systems of 
In the English system, rules are graduated in 10ths, 20ths, 50ths, 


24ths, and 48ths; 14ths and 28ths; and 16ths, 32ds, and 64ths of 


steel rules have four scales, 


32ds and the other in 64ths), with the scales on 


opposite direct 
mill 


imeter scale, 


of the rule which 


L 


tions. 


In the Metric system, rules are graduated in millimeters and one-half 


two on each side (one graduated in 
the reverse side running in the 


There are rules made that have both an inch scale and 


which makes this type rule adaptable to work involving both 
systems of measure. Another feature on some rules is a scale etched across the end 
facilitates measurement in restricted places. 


Flexible rule. A flexible rule (fig 41) is made of thin, 


tempered spring steel which permits it to be bent over a rounded surface. 


SIX-INCH — POCKET 


], Basnmco @ provkiusa 3 _ H0.20 4 
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FLEXIBLE FILLET 


Figure 41. Types of steel rules. 
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2. Hook rule. A hook rule (fig 41) has a sliding hook which 
facilitates measuring from a shoulder, particularly if the end of the rule is 
hidden so that it cannot be lined up with the shoulder. The sliding hook is also 
convenient in setting calipers and dividers. 


3. Short rules and holders. Short rules with a holder (fig 41) are 
available for measuring in a recess or in a restricted area. 


A. Flexible fillet rule. A flexible fillet rul (fig 41) is used to 
span fillets and corner fills which are frequently in the way when measuring 
flanges, shoulders. and so forth. 


(b) Folding rules. Folding rules (fig 42) are obtainable in wood or 
metal, having 4 to 12 folds, from 2 to 6 feet long total length. These rules 
cannot be relied on for extremely accurate measurements because a certain amount of 
play develops at the joints after they have been used for a time. 


Figure 42. Types of folding rules 


(2) Using the rule. 


(a) Select proper scale. When using a rule to check a dimension, the 
proper graduated scale should be used to control the reading of the dimension (A, 
fig 43). If the work being measured lines up between two graduations on the scale 
as shown in B and C, figure 43, and it is not possible to read this dimension to a 
1/16 on a 1/16-inch scale, a 1/32-inch scale should be used, and if it is still 
impossible to read a dimension to a 1/32, a 1/64-inch scale should be used. 
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(b) Applications. 


1. Six-inch rule. It is good practice to carefully line up the end 
of the rule with the surface from which the measurement is to be taken. Figure 44 
shows the mechanic holding the part and the rule firmly against an angle block. 
This allows the user to devote his entire attention to reading the scale correctly. 
Figure 45 illustrates the use of a rule in checking the location of a gaging 
surface from a surface plate. The surface plate in this case serves as a common 
base and locates the rule in relation to the surface on the part measured. 


Note. - Always measure stock at right angles. 


Figure 44. Using 6-inch rule. Figure 45. Using rule on surface plate. 


2. Short rule and holder. Figure 46 shows how a short steel rule 
with holder may be usefully applied to a measurement in a recess inaccessible to 
the longer type rul 


3. Narrow rule. The narrow rule is used to advantage in measuring 
the depth of a narrow slot (fig 47). 


Figure 46. Using small rule and holder. Figure 47. Using a narrow rule. 
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4. Key seat clamps and rule. Figure 48 illustrates the method of 
scribing a line on cylindrical stock, using key seat clamps and rule. 


Figure 48. Using key seat clamps, rule, and scriber. 


(3) Care of rules. Coat all steel rules with a rust-preventive compound or 
oil before storage. Make certain wood rules are stored in a dry place and are 
properly wrapped to preserve the wood. Clean rules before and after use, so that 


graduations are always legible. Periodically, check straightedges against a master 
surface plate for accuracy. The slightest nick will result in an incorrect 
reading. Do not use rules for purposes other than those intended. 


c. Tapes. Tapes are used for measuring long distances and circumferences 
where rules cannot be applied. 


(1) Types of tapes (fig 49 


TAPE RULE STEEL TAPE 


Figure 49. Tapes. 


(a) Steel tape. Steel tapes are made from 6 to 100 feet in length. In 
the shorter lengths, they are frequently made with a curved cross section so that 


they are flexibl nough to roll up, but remain rigid when extended. Long, flat 
tapes require support over their full length when measuring or the natural sag will 
cause an error in reading. 


(b) Tape rule. The tape rule is a ribbon of flexible steel that is wound 

into a flat metal case by pressing a button or pushing it in by hand. A hook is 
provided at one end to hook over the object being measured so that one man can 
handle it without assistance. On some models, the outside of the case can be used 
as one end of the tape when measuring inside dimensions. 


(2) Care of tapes. 


(a) Tapes should be handled carefully and kept lightly oiled to prevent 
rust. Never allow the edges of measuring devices to become nicked by striking them 
with hard objects. They should preferably be kept in a wooden box when not in use. 
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(b) To avoid kinking tapes, pull them straight out from their cases-do 
not bend them backward. With the windup type, always turn the crank clockwise- 
turning it backward will kink or break the tape. Vith the spring-wind type, guide 
the tape by hand. If it is allowed to snap back, it may be kinked, twisted, or 
otherwise damaged. 


d. Calipers. These are used for measuring diameters and distances or for 
comparing dimensions or sizes with standards such as a graduated rule. 


(1) Qutside calipers. Outside calipers (fig 50) are used to measure 
distances over and around adjacent surfaces and to transfer the measurements to a 
rule. Several types are made in different sizes to accommodate a wide range in 
measurements. The size of the caliper is expressed in terms of the maximum 
dimension it is capable of measuring. A 3-inch caliper, for example, will measure 
a distance of 3 inches. Actually, the maximum capacity of a caliper will be 
greater, often as much as one-third. This means that a 3-inch caliper will 
actually measure up to 4 inches; however, it is not recommended that you use a 3- 
inch caliper to measure 4 inches, since you may spring the legs resulting in an 
inaccurate measurement. 


ADJUSTABLE POINT 


Figure 50. Calipers-noncalibrated. 


(2) Inside calipers. Inside calipers (fig 50) have the same general 
function as outside calipers, except, that where the latter are used in measuring 
distances over outside surfaces, the inside caliper is used in measuring distances 
between inside surfaces. The points are rounded so that they are slightly ball- 
shaped. This ball shape establishes the point of contact, and in inside 
callipering where the surfaces are likely to have an inside curvature an error may 
occur if the radius of the hole being callipered is less than the radius of the 
points. Some inside calibers ar quipped with an adjusting screw on one leg which 
provides a fine adjustment of the caliper legs. 
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The spring caliper is available in sizes from 2 to 8 inches. 


ve 
The ends o 


the legs in any set position. 
r's spring caliper. 


The 


the adjusting nut and screw works against the tension of the spring 


This type of inside caliper is known as 


Thread spring calipers are used to measur 


diameter and 


Firm joint caliper. 


sizes from 3 to 24 inches. 


that provide sufficient friction 
this type caliper ar 


(c) 


setting cannot be transfe 
collapsed to remove them 


(3) 


quipp 


Transfer firm joint caliper. 
are shaped for inside measurements and are used for measuring recesses 
to a scale directly becaus 


CES 


Use of calipers. 


From 


d 


the work. 


to hold the legs in any set position. 
d with an adjusting screw for fine adjustments. 


Inside 


distances 


f the legs of thread calipers are shaped to a fine 
made between threads. 
The firm joint type is available in a number of 
This type of caliper is equipped with a nut and stud 


Some of 


transfer firm joint calipers 


th 


legs must be 


wher 


th 


(a) Qutside calipers. A caliper is usually used in either of two ways. 
Either the caliper is set to the dimension of the work and the dimension 
transferred to a scale, or the caliper is set on a scale and the work machined 
until it checks with the dimension set up on the caliper. To adjust an outside 
caliper to a scale dimension, one leg of the caliper should be held firmly against 
one end of the scale and the other leg adjusted to the desired dimension (A, fig 
51). To adjust the outside caliper to the work, open the legs wider than the work 
and then bring them down to the work. A sense of feel must be acquired to use 


calipers properly. 
eliminate the possibility of error. 
axis of the work 


(B, fig 51) 


This comes th 


SETTING OUTSIDE CALIPZkS 
ON RULE 


Figure 51. 


rough practice and care in using the tool to 
Always position the caliper properly on the 
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Using outside calipers. 


adjusting the other leg to the proper graduation (A, fig 52). The spring caliper 


shown being used to check the inside diameter of a bored hole (B, fig 52). 


is 


(bo) Inside calipers. The inside caliper is set to a dimension by placing 
the end of a scale and one point of the caliper against a solid surface and 


Figure 53 illustrates the correct and incorrect positioning of the calipers with 


re 
algll 


(ore) 
ca 


llapsed to get 


lation to the axis of the work. The transfer feature of the caliper is 
lustrated in figure 54. Note that the diameter being used is recessed and that 
the setting canno 


t be transferred to a scale directly because the legs must be 


them out of the work. The setting must be reproduced after the 


lipers are removed. Figure 55 shows how a micrometer can be used to transfer a 


dimension from an inside spring caliper. 


KEEP CALIPERS ON AICS 
OF WORK 


Figure 53. Positioning of inside calipers. 


Figure 52. Setting and using inside caliper. 


Figure 54. Using a transfer caliper to 
measure a recessed diameter. 


Figure 55. Transferring dimension to 
micrometer. 
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(4) Care of calipers. Never use a caliper for a purpose other than that 
for which it was intended. Never pile these tools in a drawer. Never force 
calipers beyond their capacity or setting. Never use these tools incorrectly- 
changing settings by hammering instead of loosening a clamping screw or nut, 
bearing down too hard when scribing with a divider, or wearing measuring surfaces 
unnecessarily by using a heavy measuring pressure. Apply a protective film of oil 
to tools when not in use. 


e. Micrometers. These tools are used for measurements requiring precise 
accuracy. They are more reliable and more accurate than the calipers discussed in 
the preceding section. 


(1) Types of micrometers. Micrometers are made in various shapes and 
sizes, depending upon the purpose for which they are to be used. They all have a 
precision screw adjustment offering great measuring accuracy. 


(a) Micrometer caliper. 


1. The micrometer caliper (fig 56) is the most common type. It has 
a range of 0 to 1 inch and is graduated to read in thousands of an inch or in units 
of the Metric system, from 0 to 25 millimeters by hundredths of a millimeter. 


RAPD 257471 


Figure 56. Micrometer, caliper, cutaway view. 


2. The frame can be smaller to the extent that the range of the 
caliper is only 0 to 1/2 inch or 0 to 13 millimeters, or it can be larger so that 
the range is 23 to 24 inches. The head has a constant range of 0 to 1 inch. The 
shape of the frame may be varied to adapt it to the physical requirements of some 
types of work. For example: 

a. The frame back of the anvil may be cut away to allow the 
anvil to be placed in a narrow slot. 


b. The frame may have a deep throat to permit it to reach into 
center sections of a sheet (sheet metal or paper gage). 
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c. The frame may be in the form of a base so that the gage can 
be used as a bench micrometer. 


da. The frame may have a wooden handle and may be of extra-heavy 
construction for use in a steel mill for gaging hot sheet metal. 


3. The spindle and anvil may vary in design to accommodate special 
physical requirements. For example: 
a. The spindle and anvil may be chamfered so that the gage can 
slide on and off the work easily, as when gaging hot metal. 


b. The ball-shaped anvil is convenient in measuring the 
thickness of a pipe section of small diameter. 


Fi 


c. The V-shaped anvil is necessary on the screw thread 
micrometer caliper to mesh properly with the screw thread. The spindle of the 
screw thread micrometer is cone-shaped. This micrometer measures the pitch 
diameter. 


da. The interchangeable anvils of various lengths make it 
possible to reduce the range of the caliper. A micrometer having a range from 5 to 
6 inches can be changed to one having a 4- to 5-, or 3- to 4-inch range by 
inserting a special anvil of the proper length. 


(b) Inside micrometers. Inside micrometers are used to measure inside 
dimensions. The minimum dimension that can be checked is determined by the length 
of the unit with its shortest anvil in place and the screw set up to zero. It 
consists of an ordinary micrometer head, except that the outer end of the sleeve 
carries a contact point attached to a measuring rod. The average inside micrometer 
set has a range that extends from 2 to 10 inches. The various steps in covering 
this range are obtained by means of extension rods. The micrometer set may also 
contain a collar for splitting the inch step between two rods. The collar, which 
is 1/2 inch long, extends the rod another half inch so that the range of each step 
can be made to overlap the next. The range of the micrometer screw itself is very 
short when compared to its measuring range. The smallest models have a 1/4-inch 
screw, the average have a 1/2-inch screw, and the largest inside micrometers have 
only a l-inch screw. 


(2) Mechanics of micrometers. 


(a) Design. The micrometer (fig 56) makes use of the relation of the 
circular movement of a screw to its axial movement. The amount of axial movement 
of a screw per revolution depends on the thread, and is known as the lead. Ifa 
circular nut on a screw has its circumference divided into 25 equal spaces, and if 
the nut advances axially 1/40 inch for each revolution, then if it is turned one 
division, or 1/25 of a revolution, it will move axially 1/25 x 1/40, or 1/1000 of 
an inch. In the micrometer the nut is stationary and the screw moves forward 
axially a distance proportional to the amount it is turned. The screw on a 
micrometer has 40 threads to the inch, and the thimble has its circumference 
divided into 25 parts, so 1 division on the thimble represents an advancement of 
1/1000 of an inch axially. 


(b) Construction. 


1. The steel frame is U-shaped, one end of which holds the 
stationary anvil. The stationary anvil is a hardened button either pressed or 
screwed into the frame. 
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2. The steel spindle is actually the unthreaded part of the screw. 


It the spindle that advances or retracts to open or clos 
The spindle bearing is a plain bearing and a part of 


frame. 


3. The hollow barrel extends from this bearing, 
which is graduated in 


the barrel is the micrometer s 


are in tu 


cale, 


rn divided into subdivisions of 0.025 inch. 
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surface has a 


ngages 


the screw. 


This nut is slo 


th 


The 


of the slotted nut within limits to compensate for wear. 


over the barrel. 

parts. This scale 

indicates the number of 

a sleeve that permits it 
adjustment. The inner sleev 
to the inner one by the thimbl 
one in relation to the other. 


5. On top of the thimble cap there may be a ratchet. 
riding clutch held together by a spring in such a way that when 


consists of an over 


indicates parts of a revolu 
revolutions. 
to be slipped 


in rela 


tion, 
The thimble is connected 
tion to the screw 


is sweated to the screw. 
Loosening the cap makes it 


e€ cap. 


where th 


open sid 
the frame. 


tenths of an inch, 
end of the barrel 

tted and its outer 
taper thread and a nut which make it possible to adjust the diameter 


scal 


of the U- 


and on the side of 
which 


4. The thimble is attached to the screw and is a sleeve that fits 
The front edge of the thimble carries a scale broken down into 25 


on the barrel 


The out 


to the screw through 


for the purpose of 
r sleeve is clamped 


t possible to slip 


This device 


the spindle is brought up against the work, the clutch will slip when the correct 


measuring pressure is reached. 


6. The clamp ring or locknut is located in the 


The purpose of the ratchet is 
difference in personal touch and so reduce the possibility of erro 
difference in measuring pressure. 


bearing on those micrometers 


quipped with it. 


Not all micrometers have ra 


This clamping 


lock the spindle in any position to preserve a setting. 


(3) 


(a) 
of reading 


Reading standard micrometer. 
the micrometer scale or counting the revolutions of 
rometer screw has 40 threads 


Use of micrometers. 


adding to this any fraction of a revolution. 


The mic 


Reading a micromete 


to eliminate any 


r due toa 


tchets. 


center of the spindle 
makes it possible to 


r is only a matter 
the thimble and 


per inch. This means that one complete and exact revolution of the micrometer 
screw moves the spindle away from or toward the anvil exactly 0.025 inch. The 
lines on the barrel (fig 57) conform to the pitch of the micrometer screw, each 
line indicating 0.025 inch, and each fourth line being numbered 1, 2, 3, and so 
forth. The beveled edge of the thimble is graduated into 25 parts, each line 
indicating 0.001 inch, 1/25 of the 0.025 inch covered by one complete and exact 
revolution of the thimble. Every fifth line on the thimble is numbered to read a 


measurement shown in figure 57 as 


measurement in thousandths of an inch. Read th 
indicated in 1. through 4. below. 
Figure 57. 


Reading standard micrometer scale. 
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(b) Reading metric micrometer. The same principle is applied in reading 
the metric graduated micrometer, but the following changes in graduations should be 
noted to avoid confusion: 


i. The pitch of the micrometer screw is 0.5mm. One revolution of 
the spindle advances or withdraws the screw a distance equal to 0.5mm. 


2. The barrel is graduated in millimeters, from 0 to 25; it takes 
two revolutions of the spindle to move 1mm. 


3. The thimble is graduated in 50 divisions with every fifth line 
being numbered. 


4. Rotating the thimble from one graduation to the next moves the 
spindle 1/50 of 0.5mm, or 1/100mm. Two graduations equal 2/100mm, and so forth. 


(c) Adjusting micrometer caliper to work. 


1. A, figure 58, shows the proper way to hold a micrometer caliper 
in checking a small part. Hold the part in one hand. Hold the micrometer in the 
other hand so that the thimble rests between the thumb and the forefinger. The 
third finger is then in a position to hold the frame against the palm of the hand. 
The frame is supported in this manner and makes it easy to guide the work over the 
anvil. The thumb and forefinger are in position to turn the thimble either 
directly or through the ratchet and bring the spindle over against the work. 


2. On larger work, it is necessary to have the work stationary and 
positioned to permit access to the micrometer. The proper method of holding a 
micrometer when checking a part too large to be held in one hand is shown in B, 


figure 58. The frame is held by one hand to position it and to locate it square to 
the measure; surface. The other hand operates the thimbl ither directly or 
through the ratchet. A large flat part should be checked in several places to 


determine the amount of variation. 


3. To gage a shaft as shown in C, figure 58, the frame is held by 
one hand while the thimble is operated by the other. In gaging a cylindrical part 
with a micrometer it is necessary to "feel" the setting to be sure that the spindle 
is on the diameter, and also to check the diameter in several places to determine 
the amount of out-of-roundness. 
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Figure 58. Using outside micrometer. 


4. For measuring very large diameters, micrometer calipers are made 
in various sizes up to 168 inches. Figure 59 shows a pulley being checked with a 
micrometer whose range has been reduced by a special anvil which has been screwed 


into the frame. A set of different length anvils permits the use of this 
micrometer over a wide range of sizes; yet the spindle only moves 1 inch. This 
micrometer has been lightened in weight by the I-section construction and by boring 
holes in the frame. 


(d) Using inside micrometer. The normal procedure in using an inside 
is to set it across a diameter or between the inside surfaces, remove 
it, and then read the dimension. For this reason, the thimble on an inside 
micrometer is much stiffer than on a micrometer caliper-it holds the dimension 
well. It is good practice to verify the reading of an inside micrometer by 
measuring it with a micrometer caliper. 


micromete 


Boies 


i. Figure 60 shows an inside micrometer with extension rod being 
used to check the diameter of a bored hole. Note the arrows which indicate the 
direction the operator is feeling for the largest dimension horizontally and the 
smallest dimension vertically. Inside micrometers have spherical contact points 
which require more practice to "feel" the full diametral measurement. One contact 
point is generally held in a fixed position and the other rocked in different 
directions to be sure the tool is spanning the true diameter of a hole or the 
correct width of a slot. 


49 


Figure 60. Using inside micrometer 
Figure 59. Checking diameter of pulley. with extension rod. 


2. For probing a deep hole or in a restricted place, a handle 
attachment may be used. The handle clamps on to the body of the micrometer. 


(e) Transferring measurements from inside caliper or inside micrometer 
to micrometer caliper. 


1. After setting the inside caliper or inside micrometer to the 
work, hold the micrometer caliper in one hand and the inside tool in the other hand. 


2. Turn the thimble of the micrometer caliper with the thumb and 
forefinger until you feel the inside tool legs lightly contact the anvil and 
spindle of the micrometer caliper. 


3. Hold the tips of the inside tool legs parallel to the axis of the 
micrometer caliper spindle. 


4. The micrometer caliper will be accurately set when the inside 
tool will just pass between the anvil and spindle by its own weight. 


(4) Care of micrometers. To maintain a micrometer in good condition and to 
preserve the accuracy of its measurements, observe the following rules of good 
practice and adjusting procedures. 


(a) Never store a micrometer with its anvil and spindle closed. Flat 
surfaces wrung together for any length of time tend to corrode. Leave a small gap 
between the anvil and spindle when storing. 


(b) Oil the micrometer in only one place-the micrometer screw, and only 
with a very light oil. If storing for long periods of time, cover the micrometer 
with a light film of oil and wrap it in oiled paper. 


(c) Never roll the thimble along the hand or arm. Likewise, holding the 
thimble and twirling the frame to open or close the micrometer will cause excessive 
wear on the screw. 
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quipped with a 


used in the extended position. 


film 
Do 
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Figure 61. Thickness (feeler) gages. 


Which ruler is used conveniently in setting calipers? 


Which caliper is used to measure an inside recessed diameter? 


What is the FIRST procedure when reading a standard micrometer? 


Read the number of lines visible on the barrel shown after the number 
Read the highest number on the barrel 
Read the number shown on the thimble 


= 


E concerning the metric micrometer? 


Barrel is graduated in millimeters from 0 to 25 
Thimble is graduated in 25 divisions with every fifth line being numbered 
It takes three revolutions of the spindle to move 1 millimeter 


EXERCISE 
12, 
a. Flexible fillet 
b. Hook 
c. Six-inch pocket 
13) 
a. Spring 
b. Hermaphrodite 
c. Transfer firm joint 
14. 
a. 
b. 
fore 
15. Which statement is TRUI 
a. 
b. 
fore 
1% 


SUMMARY. In this lesson you have learned the use of many handtools and 


precision measuring tools. 
come in contact with; however, the tools you will use the most in performing your 
mission have been discussed. Your awareness of their capability and constantly 
increasing your skill in their use will enable you to perform your duties more 
efficiently. 


It would be impossible to cover all tools that you will 


52 


LESSON ASSIGNMENT 


Ordnance Subcourse No 017............... Supporting Services 

DSSSOW 82 x caed io Veeck. leh ota aa Bod SES glee fa leae Pipefitting Procedures 

LESSON -ODPECE TVG fe). eiets Gee walkie ea leue es Su ehsliens “Soo After studying this lesson you will be 
able to: 

1. Describe measuring, cutting, and 
threading of pipes, tubing, and 
fittings. 

Zi Explain and describe the tools 


used in preparing, forming, and 
connecting pipes and lines. 


St Explain pertinent safety 
procedures. 
ORE Sri ee sidetes OA Me- ore ce Bi Bere whe wei eusente eno ere 8 wh Bee te Attached Memorandum 
Materials Required..............00. wees Response list and answer sheet 
SUGGEST VODS 6, beep ese sas eicatis ee odie teenie e, weel Se Beis Study illustrations as the text is 
used. 


ATTACHED MEMORANDUM 


1. INTRODUCTION. Pipes and tubings can be prepared into many varied shapes 
and forms. The ability of the mechanic to prepare a pipe layout that will not leak 
and is safe to use will prevent many valuable pieces of equipment from being 
inoperable. 


ee 
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AL PIPE AND FITTINGS. 


a. General. Pipe is used to distribute hot and cold water, for steam and hot 
water systems, gas and air piping systems, and vent installations. Most pipe in 
use today is steel pipe. It is furnished plain (black) or galvanized (coated with 
zinc), normally in 21-foot lengths, threaded or unthreaded, and in sizes (nominal 
inside diameter) of 1/8 inch and larger. In most sizes it is available in three 
weights or strengths: standard, extra strong, and double extra strong. Iron pipe 
may rust making it undesirable for most military use. 
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b. Fittings. Fittings used on either wrought iron or steel pipe are 
generally made of malleable (capable of being shaped by beating) or cast iron. 
Prolonged annealing (heating and fast cooling) of cast iron tempers and toughens it 


to produce malleable iron. This iron can be bent or pounded to some extent without 
breaking. Iron pipe fittings are of two general types: ordinary or pressure 
fitting and drainage or recessed fitting (1, fig 1). Drainage fittings (2 and 3, 
fig 1) differ from ordinary fittings (1, fig 1) in several ways: the insides are 


smooth and shaped for easy flow, shoulders are recessed so that when pipes are 
screwed in they fill the recess and form an unbroken internal contour and they are 
designed so that horizontal lines entering them will have a slope of 1/4 inch per 
foot. In an ideal drainage fitting the pipe fills the recess completely (2, fig 
1), and there is no pocket where foreign matter may be caught and block the flow. 
This condition is rarely achieved and the made-up joint resembles 3, figure 1. 
Only drainage fittings should be used on soil and waste lines. Either ordinary or 
drainage fittings may be used for gas, air, vent, water, or steam systems. 
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DRAINAGE FITTING [NORMAL hiAKE-UP} 
Figure 1. Difference between ordinary and drainage fittings. 
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c. T's (tees). When the thr outlets of a T are the same size, the fitting 
is specified by that size; for example, a l-inch T (1, fig 2). When the outlets 
are not the same size, the fitting is called a reducing T (2, fig 2) and is 
specified by giving the straight through (run) dimensions followed by the bide 


opening (branch) dimensions. Thus, a T with run outlets of 2 inches and a branch 
outlet of 1 inch is known as a 2 by 1 T; one with run outlets of 2 inches and 1 
inch, respectively, and a branch outlet of 3/4 inch, as a 2 x 1x 3/4 T. T's are 


also made with a run or branch outlet with male threads and with two branch outlets 
at right angles to each other (four-way T). 


@t 


@r REDUCING 


atl 


Figure 2. Iron pipe T's. 
d. Elbows (L's or ells). Ells are used to change the direction of a 
pipeline. They, like T's, are made in a large variety of sizes and patterns. The 
most common types are the 90° ell (1, fig 3); 45° ell (2, fig 3); street ell (3, 
fig 3), which has a male thread on one end and is also made in angles other than 
the one illustrated; and the reducing ell (4, fig 3), which has outlets of 
different sizes. 


ELBOW BOW 


Figure 3. Iron pipe elbows. 
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e. Unions. The ground joint and flange unions are the two most common types 
of iron pipe unions. Both are used to join two pipes. The ordinary ground joint 
union (1, fig 4) has a shoulder piece with female threads, thread piece with female 
and male threads, ring or collar with an inside flange which matches the shoulder 
of the shoulder piece, and a female thread matching the male thread of the thread 
piece. The shoulder and thread pieces have a ground spherical joint. The pipes 
are screwed to the thread and shoulder pieces. Both pieces are drawn together by 
the collar, making a gastight and watertight joint. Another type of ground union 
joint (2, fig 4) is made in two parts, each of which is screwed to the pipes to be 
joined and then drawn together by nuts and bolts. The flange union (3, fig 4) has 
two parts, each with a female thread, which are screwed to the pipes to be joined. 
Nuts and bolts pull the flanges together. A gasket between the flange a makes a 
gastight and watertight joint. Plain faced flanges are shown; they may have male 
and female faces or tongue and groove faces. 


Figure 4. Iron pipe unions. 


f. Couplings. The ordinary coupling (1, fig 5) is a short fitting with a 
female thread used to join two lengths of the same pipe size when making a straight 


run. It is not used to join two lengths of pipe already installed and relatively 
fixed; a union must be used in such cases. The reducing coupling (2, fig 5) is 
used to join two pipes of different sizes. The eccentric reducing coupling (3, fig 
5) has female threads of different sizes and different centers. It is fitted so 
that the bottom of the two pipes joined will form a straight line to promote 
drainage. An example is in a steam line where it is undesirable to have a pocket 
where water could collect. Another type of coupling is the extension piece (4, fig 
5), which has both male and female threads. There are many special couplings such 
as the Dresser coupling. 


ANN 


Figure 5, Iron pipe couplings. 
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g. Nipples. A nipple is a piece of pipe, 12 inches or less in length, 
threaded on both ends, and used to make an extension from a fitting or to join two 
fittings. A close nipple (1, fig 6), threaded its entire length, joins two 
fittings which must be very close to each other. A nipple threaded nearly its 
entire length with only a short unthreaded section in the center is called a short 
or shoulder nipple (2, fig 6). When the unthreaded portion is longer, the nipple 
is called a long nipple and sometimes an extra long nipple (3 and 4, fig 6). Long 
and extra long nipples are specified by length such as 4 inches, 6 inches, etc. 


h. Crosses. An iron pipe cross (5, fig 6) is an ordinary T with an additional 
back outlet opposite the branch outlet. The axes of the four outlets are in the 
same plane and perpendicular to each other. Crosses are made in many sizes. 


1. Plugs. Iron pipe plugs have male threads used to close openings in other 
fittings and have various types of heads. The square head (6, fig 6) is the most 


widely used; the slotted head (7, fig 6) is seldom used except in close spaces 
where a wrench cannot be used; and the hexagon socket head (8, fig 6) is used where 
a bulge would cause difficulty, as in a boiler or hot water storage tank fitted 
with an insulating jacket. 


j. Caps. A pipe cap (9, fig 6) is a fitting with a female thread used like a 
plug except that the cap fits on the male end of a pipe or nipple. 


k. Bushings. A bushing has male thread on the outside and female thread on 
the inside. It is generally used to connect the mal nd of a pipe to a larger 
fitting. The ordinary bushing (10, fig 6) has a hexagon nut at the female end for 
screwing the bushing into the fitting. The faced bushing, without a hexagon nut, 
is used for very close work. 


® IRON PIPE CROSS 
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Figure 6. Miscellaneous iron pipe fittings. 
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3. COPPER TUBING AND FITTINGS. 


a. Tubing. 
(1) Uses. Copper tubing is used in hot and cold water distribution systems, 
in hot water heating systems, and in soil, waste, and vent lines. Copper is 
light, easily installed, and resists corrosion. Rigid copper tubing is hard 
tempered and comes in 20-foot lengths. It does not bend so changes in direction 
must be made with fittings. Flexible copper tubing is soft tempered, easily bent 
for changes in direction, and comes in coils of 40 to 100 feet, depending on size, 


Larger coils are available in the smaller sizes. 


(2) Types and sizes. 


(a) Type K has a heavy wall and is used for underground and other heavy 
duty purposes. It is available in hard and soft temper and in sizes from 1/4 inch 
to 6 inches. 


(b) Type L has a medium wall and is used for general indoor plumbing 
where conditions do not require heavier tubing. It, too, is available in hard and 
soft temper and in the same sizes as type K. 


(c) Type M has a thin wall and is used mainly in hot water heating 
systems. It is available only in hard temper in the same sizes as types K and L. 


(d) Type DWV (drain, waste, and vent) is used only in aboveground soil, 


waste, and vent lines. It is furnished in hard temper only and in sizes from 1-1/4 
inches to 8 inches. It comes in 12-foot lengths as-well as the standard 20-foot 
length. 


b. Fittings. 


{1) Solder-type fittings. These are the more widely used of the two types 
of fittings. They can be used with either rigid or flexible copper tubing and are 
made in the usual iron pipe patterns; i.e., T's, elbows, couplings, etc. Figure 7 
shows solder-type fittings. In addition to those shown, solder-type fittings 
include reducing T's, reducing ells, T's with male or female iron pipe adapter 
outlets, iron pipe adapter ells, and others. Fittings for use with DWV copper pipe 
are similar to cast iron soil pipe fittings and include Y-branches, sanitary T's, 
combination Y and 1/8 bends, an adapter for joining to a cast iron soil pipe hub, 


and others. 
Ey . as° BBOW 
FEMALE ADAPTER 90° EDOW 


Te 
COUPLING 
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COPPER UNION {FITTING TO FITTING} 


Figure 7. Solder-type fittings. 
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(2) Compression-type fittings. These fittings (fig 8), also known as 


flared fittings, are used only 


with flexible copper tubing. Their principa 


in air piping and in fuel oil] 


1 use is 


solder-type fittings. For general plumbing, they are not recommended for 


connections to be sealed in wal 


Ss. 


ADAPTER [FEMALE 


ADASTER IMALE) 


90° ELBOW 


Figure 8. Compression-type fittings. 


4. VALVES. 


lines because they resist vibration better than 


IRON PIPE THREAD 


a. Definition. A valve is a device used to stop, start, or regulate the flow 
of a liquid or gas into, through, or from pipes. It usually is made of brass. The 
body of the valve has an opening and a way of closing the opening with a valve disk 
or plug which can be tightly pressed against a seating surface around or within the 


opening. 


b. Types. Only a few of 


the many types are discussed here. 


(1) Gate valve. The gate valve (1, fig 9) has a wedge-shaped movable gate 
which closely fits the movable seat when the valve is closed. When the valve is 
open, the gate clears the opening formed by the seat and allows a straight line 


passage for the flow. To limit wear on the gate and seat, gate valves should be 
used on lines which remain either completely open or shut most of the time. 
valve shown is a rising stem, single disk, gate valve. Other common types are the 
double disk and the nonrising stem. 
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Figure 9, Types of valves. 


(2) Globe valve. Outwardly, a globe valve (2, fig 9) looks like a gate 
valve but inside it is made quite differently. Partitions block the flow through 
the valve; and the seat, which is at right angles to the direction of flow, changes 
the direction of flow. The horizontal seat is a ground joint against which a 
replaceable fiber or metal disk or washer at the end of the stem makes a tight fit. 


Globe valves are used where adjustment of rate of flow is needed. 
with fiber disks are suitable for all kinds of service except on 


Globe valves 
steam lines, where 


a metal disk is preferred. A globe valve should be set in the line so that the 


inlet side will carry the pressure when the valve is closed. 


(3) Stop and waste valve. This valve (3, fig 9) is simil 


valve except that it has a small drain opening on the outlet sid 


ar to the globe 
of the valve body 


which can drain the line when the valve is closed. This valve is used in lines 


which may freeze if they are not drained in winter. 


(4) Angle valve. This is a globe valve with inlet and outlet 
other (4, fig 9). It controls the flow and changes the direction o 


at 900 to each 
a line. 


(5) Check valve. A check valve (5, fig 9) checks or prevents reversal of 


flow in the line. The one shown is a swing check. Other types are the disk check, 


ball check, and adjustable check. 


(6) Other types. Other types of valves include pressur 
pressure or temperature relief valves. 
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reducing valves and 


5. MEASURING PIPE AND TUBING. 


a. Pipe. There are several ways to measure threaded pipe; therefore, it is 
important to know which method is being used in any given measurement and to allow 
for fitting dimensions (end-to-end or end-to-center) and for length of thread 
engagement (fig 10 and 11). 


je FACE 


Figure 10. Threaded pipe measurements. 


116/16 


Figure 11. Pipe thread data for standard pipe. 


(1) End-to-end measure. End-to-end measure (1, fig 10) is the full length 
of the pipe including both threads. 


(2) End-to-center measure. End-to-center measur (2, fig 10) is used for a 
piece of pipe having a fitting screwed on one end only. The pipe length is equal 
to the measurement minus th nd-to-center dimensions of the fitting plus the 
length of thread engagement. 
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(3) Face-to-end measure. Face-to-end measur 


(2, fig 10) is also used for 


a piece of pipe having a fitting screwed on one end only. The pipe length is equal 
to the measurement plus the length of thread engagement. 


(4) Center-to-center measure. Center-to-cent 


r measure (3, fig 10) is used 


for a length of pipe which has fittings screwed on both ends. The pipe length is 


equal to the measurement minus the sum of th nd-to-center dimensions of the 


fittings plus twice the length of thread engagement. 


(5) Face-to-face measure. Face-to-face measure (3, fig 10) is used in the 


same situation as (4) above. The pipe length is equal 


twice the length of thread engagement. 


to the measurement plus 


(6) Measuring offsets. Figure 12 and the foll 


lowing procedure explain how to 


run an offset. For example, a 45° offset with a 3-inch pipe is to be measured; 
the distance between the parallel runs A (center-to-center of pipe) is 40 inches. 


Then, from figure 12, distance C (center-to-center of 


the 45° elbows) is 40 times 


1.4142, or about 56-9/16 inches. A standard 3-inch 450 elbow is 4-5/8 inches end- 
to-center and, from figure 11, requires a l-inch thread engagement. Nine and one- 
quarter inches (2 x 4-5/8) are deducted and 2 inches for two thread engagements are 
added. This results in an end-to-end length of pipe of 49-5/16 inches. 


Figure 12. Pipe measurement for 


offsets. 


b. Tubing. Copper tubing is measured in the same way as threaded pipe. 
Allowance is made for fitting dimensions (solder or compression type) and for the 
distance the tubing is inserted into the fitting. Offsets for rigid type tubing 


are determined in the same way as for threaded pipe. 


Since flexible tubing is 


easily bent, fittings for offsets are usually unnecessary. 
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EXERCISE 


16. Which are the thr strengths in which pipe is available? 


a. Strong, extra strong, and double extra strong 
b. Strong, medium strong, and regular 
c. Regular, strong, and extra strong 


17. Which type of copper tubing is mainly used in hot water systems? 
a. K 
b. OL 
cx OM 


18. Which type of copper fitting is most widely used? 


a. Compression 
b. Solder 
c. Drain, waste, and vent 


19. Which type valve uses a ball system to prevent reversal of flow in the line? 


a. Stop valve 
b. Angle valve 
c. Check valve 


20. Which measurement is used to measure a piece of pipe having a fitting screwed 
on one end only? 


a. Face-to-end 
Be Center-to-center 
c. End-to-end 


21. What would be the thread engagement for a 1l-inch pipe? 


a. 1/2 inch 
b. 9/16 inch 
c. 5/8 inch 


6. BENDERS. 


a. Copper and brass. Benders are designed to facilitate bending brass or 
copper pipe and tubing. Benders issued through the Army supply system are of the 
spring type sized to fit pipe and tubing ranging from 1/4 to 1 inch in diameter 
(fig 13). A tube bender is used to prevent tubing from kinking or flattening out 
at the desired bend. To use a bender, push it over the tube until the center of 
the bender is centered over the point in the tube where the bend is to be made. 
The tube can then be bent by hand to the desired radius. Pull the bender from the 
tube after bending. 
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Figure 13. Hand pipe and tube benders. 


b. Iron pipe. 


(1) Basic considerations. At times it is more desirable to bend iron pipe 
than use additional fittings to change the direction of the pipeline. There ar 
limits to the radius of bends and, generally, only smaller sizes of pipe are bent. 


(2) Procedure. 


(a) Smaller pipes are bent cold using only leverage. A hickey, which is 
a simple tool for bending pipe, is made by screwing a length of pipe to the side 
outlet of a T. 


(b) Larger pipes are bent using bench tools and heat, the heat being 
applied to the inside of the bend. A bench tool (fig 14) may be made by drilling 
holes in a steel plate. Steel pins are placed in the holes to furnish the needed 
leverage. 


Figure 14. Bending block and pins. 
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(c) 


For offset bends, allowing a straight length between the bends is 


better than making a direct reverse bend. 


(3) Bending radius. Figure 15 gives the radii for bending iron pipe of 
various sizes. 


7. PIPE VISE. 
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Figure 15. Radii for bending iron pipe. 


a. Introduction. The pipe vise is a tool used to hold pipe firmly during 


cutting, reaming, 


threading, and partial making-up operations. Only the hinged 


vise will be discussed here. It has a fixed toothed lower jaw and a movable 


toothed upper jaw. 


b. Procedure for use. 


(1) 


(2) 


vise by tilting 


(3) 


(4) 


(5) 
pipe. Turn 


Releas 


Release 


the pressure on the jaws of the vise (fig 16) by turning the 
handle counterclockwise. 


the locking lever by pulling outward on it and then open the 
the upper body to the side on its pivot. 


Lay the pipe in the vise on the V-shaped lower jaw. Support a long 


Reverse 


The lever automatica 


Turn the 


length of pipe extending from the vise on a sawhorse or similar support. 


step (2) by tilting the upper body back to the closed position. 
lly locks. 


handle clockwise until the V-shaped upper jaw presses on the 


the handle just far enough to get a good grip on the pipe. Avoid 


turning it too hard and marking the pipe. 


Note. - When working with polished or plated pipe, 


vise with such pipe. 
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protect it from being 


scratched by the steel jaws on the vise. A pipe coupling, split 
lengthwise and lined with sheet lead, makes a good clamp to use in the 


PIPE SECURED iN VISE 


LOWER Jaw LOWER BODY 


Figure 16. Pipe clamped in vise. 


8. PIPE AND TUBE CUTTERS AND FLARING TOOLS. 


a. Purpose of pipe and tube cutters and flaring tools. Pipe cutters (fig 17) 
are used to cut pipe made of steel, brass, copper, wrought iron, and lead. Tube 
cutters (fig 17) are used to cut tube made of iron, steel, brass, copper, and 
aluminum. The essential difference is that tubing has considerably thinner walls 
as compared to pipe. Flaring tools (fig 18) are used to make single or double 
flares in the ends of tubing. 


b. Types of pipe and tube cutters and flaring tools. 


(1) Pipe cutters. Two pipe cutters are issued: one has a cutting capacity 
of 1/8 to 2 inches and the other from 2 to 4 inches. The pipe cutter (fig 17) has 
a special alloy steel cutting wheel and two pressure rollers which are adjusted and 
tightened by turning the handle. 


(2) Tube cutters. Some types of tube cutters closely resemble pipe cutters, 

except that they are of lighter construction. A hand screw feed tubing cutter of 
1/8-inch to 1-1/4-inch capacity (fig 17) has two rollers with cutouts located off 
center so that cracked flares may be held in them and cut off without waste of 
tubing. It also has a retractable reamer blade that is adjusted by turning a knob. 
Other types of tube cutters shown are designed to cut tubing up to and including 
3/4 and 1 inch o.d. Some cutters have the feed screw covered to protect the 
threads against dirt and damage. 
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Figure 17. Pipe and tube cutters. 


T-HANDLE 


SINGLE FLARING TOOL 


BOUSLE FLARING TOOL 


Figure 18. Flaring tools. 
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brass, 


(3) Flaring tools. Flaring tools (fig 18) are used to flare soft copper, 


or aluminum to make up 45° flare joints. The single flaring tool 


of a split die block that has holes for 3/16-, 1/4-, 5/16-, 3/8-, 7/16-, 
inch o.d. tubing, 


the 


for 


bell 
tool 


flaring cone, 


die block tha 
shape on the 


has the addit 


consists 
and 1/2- 


a clamp to lock the tube in the die block, a yoke that slips over 


end of the tube. The screw has a T-handle. A double 


tional feature of adapters that turn in the edge of the 
before a regular 45° double flare is made. It consists of a die block with holes 


t has a compressor screw, and a cone that forms a 45° flare or a 


flaring 
tube 


3/16-, 1/4-, 5/16-, 3/8-, and 1/2-inch tubing, a yoke with a screw and a 


case. 


inches from 


the 


cutting wheel 
single-wheel cutte 


the 


plus five adapters for different size tubing all carried i 


na metal 


c. Use of pipe cutters. Before cutting pipe, make certain the required 
correct length is determined. 


(1) Mark the spot where the cut is to be made with a scriber, fi 
or crayon. 


(2) Lock the pipe tightly in the vise with the cutting mark appr 


le, chalk, 


oximately 8 


the vise. This distance will vary according to the space r 


die stock to be used for threading. 


(3) Open the jaws of the pipe cutter by turning the handle count 


(4) Place 


cutting wheel 


wh 


ls lie level a 


the cutter around the pipe from underneath (fig 19) wi 


(single-wheel cutter) exactly on the mark. The rollers of 


r insure a straight cut. If a three-wheel cutter is u 
of the movable jaw on the mark and make sure that all 
t right angles to the centerline of the pipe. 


iA 


Figure 19. Cutting pipe. 
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quired by 


erclockwise. 


th the 

the 

sed, place 
three 


(5) Close the jaws lightly against the pipe by turning the handle clockwise. 


(6) After the wheel(s) and rollers have just made contact with the pipe, 
make another clockwise quarter turn on the handle. This gives the wheel(s) a 
"bite" on the pipe. Apply thread cutting oil to the wheel(s) and pipe. 


(7) Rotate the cutter completely around the pipe, making a quarter turn on 
the handle for each complete revolution, until the pipe is cut. 


(8) If the pipe has been cut with a three-wheel cutter, the outside bur must 
be removed with a file before the pipe can be threaded. 


d._Use of tube cutters. Both rigid and flexible copper tubing may be cut 
with a tubing cutter or a hacksaw. Follow the procedure for cutting iron pipe when 
using the pipe cutter; generally, no vise is required to hold the tubing. One hand 
holds the tubing firmly while the other turns the cutter. A vise may be needed to 
cut tubing of large diameter, in which case care must be taken to avoid crushing 
the tubing. An iron pipe coupling sawed in half and lined with sheet lead can be 


placed around the pipe to protect it while it is held in the vise. If a hacksaw is 
used, it should have a fine-toothed blade (24 teeth per inch). A miter box or jig, 
made from a piece of wood 2 to 4 inches long (fig 20), will help to keep the cut 


square. After cutting, remove all burs by reaming. 


SLOT FOR SAW 
fy 


¥-GROOVE FOR 


HOLDING TUBING y, 


Figure 20. Jig for cutting tubing with a hacksaw. 


e. Flaring tools. Compression-type fittings have threaded flange nuts which 
compress the flared end of the flexible tubing against a ground joint on the 
fitting. Follow the steps below to make a good joint. 


(1) Inspect the end of the tubing to see that it has no burs and is not 
badly out-of-round. Flaring will generally re-round tubing that is slightly out- 
of-round. 


(2) Remove a flange nut from the fitting and slide it onto the tubing 
unthreaded end first. 


(3) Flare the end of the tubing with either a flaring tool or a flanging 


tool. Put a drop or two of light machine oil on the end of the tubing when flaring 
Tt 
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(a) When using the flanging tool (fig 21). hold the tubing in the hand; 
do not rest the opposite end on a solid object as this may damage the tubing. Keep 
the tool centered and straight, and tap it into the tubing until the flare fills 
the recess in the flange nut. 


(b) When using the two-piece flaring tool (fig 21), place the tubing in 
the proper size hole with the tubing end level with the surface of the tool. Turn 
down the cone on the yoke until the flare on the tubing fills the beveled portion 
of the hole. 


Figure 21. Using the flaring tool. 


(4) Join the flared end of the tubing to the ground joint on the fitting 
and inspect for proper fit. 


(5) Slide the nut back up to the flared end of the tubing (fig 22) and 
screw it on the male thread of the fitting until it is tight; 


FLANGE NUT 


Hy 


Figure 22. Making up a flared fitting. 


(6) Finish making the connection by tightening the nut with wrenches (open 
or monkey), one on the nut and the other on the fitting. Never use one wrench 
alone; if the fitting is not held in place with a second wrench, it will turn and 
may spoil the connection at the other end. 
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9. REAMERS. 


a. Purpose of reamers. Reamers are used to smoothly enlarge drilled holes to 
an exact size and to finish the hole at the same time. Reamers are also used to 
remove burs from the inside diameters of pipe and drilled holes. 


b. Types of reamers. 


(1) Solid straight hole reamers. Solid straight hole reamers (fig 23) are 
made of one solid piece of high speed steel having a straight shank and straight or 
spiral flutes. The cutting edges or lands between the flutes are usually evenly 
spaced. However, some solid reamers have irregularly spaced lands to prevent the 
tool from chattering. Solid straight shank, straight flute reamers are issued in 
sizes from 1/16 inch up to and including 3 inches in diameter. These reamers ar 
also issued in sets encased in a wood or metal box containing 25 reamers sized from 
1/8 to 1/2 inch and progressing by 1/64-inch increments. Other reamer sets include 
solid taper pin reamers in addition to the solid straight hole reamers. Each 
reamer size is stamped on the shank of the tool. 


STRAIGHT HOLE—SPIRAL FLUTE 


TAPER PIN~-STRAIGHT FLUTE 


a: a: eR, 


TAPER PIN-—SPIRAL FLUTE 


Figure 23. Solid straight hole and taper pin reamers. 


(2) Solid taper pin reamers. Solid taper pin reamers (fig 23) are used to 
finish tapered holes for the insertion of tapered pins or other tapered parts. 
They are made with a standard taper of 1/4 inch per foot. Solid taper pin reamers 
are issued with straight or spiral flutes in sizes ranging from Nos 5/0 to 14, with 
diameters at the large end of the reamer ranging from 0.0984 to 1.5412 inches. 

These reamers are also issued in sets of 10 reamers--Nos 3/0 to 7--and a set of 11 
reamers--Nos 0 to 10. As mentioned above, they are also included in mixed sets of 


both straight hole and taper pin reamers, 
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(3) 


inch (5/16 inch) 
and has longi 
to receive a 


Expansion reamers. 
sizes may be changed by 0.125 inch 


in or backing out the screw plug. 
two sizes--19/32-and 1-1/4-inch diameters. 
having a range of 1/2 to 17/32 


Expansion reamers 
(1/8 inch) 
for a 2-inch reamer. 
tudinal cuts in some of its flutes. 
tapered screw plug. 


(fig 24) 
for a l-inch reamer and by 0.3125 
The expansion reamer is made of ca 
It is hollowed out and 
The diameter of the reamer is changed by screwing 


are adjustable and their 


rbon steel 
threaded 


Thes 


r 


amers ar 
A straigh 


issued with spiral f] 
flute with a floating pilot, 


utes in 


inch and having a leng 


th of 9 inches, 


(4) 


tool. 


Figure 24. 


Adjustable blade reamers. 
are separate from the body and are fit 


Adjusting nuts below and above 


reamer. Thes 


Floating pilot, 


reamers ar 
in several sizes. 
sizes from 0.730- to 0.780-inch range up to 0.980- to 1. 


issued with 
Spi 


Flute adjustabl 


1/16 inch 


reamers ar 
15/16- to 1l-inch range in steps of 1/16 inch. 
From a 15/32- 


Adjustabl 
reamers wi 


reamers ar 


th floating pilo 


available in sets. 


Another set 
From 1/2 to 1 inch. 
to K, 


iG 


(5) 
tapered, 


capacity. Most pip 


of the same 
Two o 


The latter two sets do not 


Pipe reamers. 
and have straight 
to l-inch pipe capacity, 


Pipe reamers 


Eeamers’. ar 


the bl 


ral fl] 


have floating pilo 


(fig 25) 
or spiral flutes. 
1/4- to 1-1/4-inch pipe capacity, 
designed to receiv 
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One set contains five spiral 
ts on solid mandrels ranging f 
type contains eight straight 
ther sets have reamers wi 
15/32- to 1-1/16-inch range and 15/32 


th 


The blades of an adjus 
ted into grooves in the 
lades control the 
straight or spiral 
lute adjustabl 


Adjustable reamers. 


table reamer (fig 24) 
threaded shank of the 
diameter of the 
flutes, with or wi 
le reamers are issu 

O30-inch range. S 


thout 
din 
traight 


issued in sizes from a 1/2-to 9/16-inch range up to a 
They are also issued in steps 
to 17/32-inch range up to a 1-25/32 


of 


f] 


to 2-3/32-inch range. 
flute 


rom 0.730 to 1.030 inches. 


te reamers ranging in size 


are made of carbon steel, 
They are issued in three sizes: 


ttered sizes A to H andA 
to 1-17/32-inch range, 
ts or mandrels. 


respectively. 


are 
1/8- 
and 1/4- to 2-inch pipe 


a T-handle. 


is also issued. 


T-HANDLE, SPIRAL FLUTE 


TAPERED. SQUARE SHANK, 
STRAIGHT FLUTE 


TAPERED. T-HANDLE SHANK. 
STRAIGHT HLUTE re 


TAPERED, ROUND SHAMX, 
STRAIGHT FLUTE 


Figure 25. Pipe reamers. 


c. Use of reamers. 
(1) General. 


(a) Use a solid straight hole reamer for most work, since it is the most 
accurate and rugged of the straight hole reamers. 


(b) When using a taper pin, expansion, or adjustable reamer, a series of 
small cuts should be taken rather than one deep cut. Check the hole for size after 
each cut to insure that you do not remove too much metal from the hole. 


(c) Never force a small reamer into a hole with too much pressure, since 
reamers are delicate and easily broken. 


(d) Most reamers are hand-driven tools; however, some are power- driven. 
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(2 
wrench 


a vise so 


Position the 


slight 


taper at the end so 


) Straight hole reamers. 
that 


is 


that the hole to b 


reamer at the 


e (fig 26). Straigh 


wrench clockwise very slowly until the 


CAUTION: 


Af 


until the 


not 1 
raise 


Note. 


REAMER AT 


ter centering the reamer 


OF CUF 
MATERIAL 


Do not turn the wrench counterclockwise aft 
to become dul 


cause the tool 


ae 


reamer has been 


to 


turn the wrench cloc 
turned al 
use cutting oil or machine oil 


ll the way through 
lubricate the 


reamer is centered in 


1 1 De BL 


1, fail to cut 
kwise 


the hol 


any time. 
, and become useless. 


A hand reamer is turned by means of a tap 
tightened on the square end of the reamer shan 
reamed is perpendicular to the 

top of the hol 
that they will 


Secure the work 


Turn the 
(fig 27): 


To do so will 


tool. 


ly. 


ubricate the tool. To remove reamer from hole, 
reamer simultaneous] 


When reaming soft iron, 
turn wrench clockwise and 


in 


top of the vise jaws. 
t hole reamers have a 
fit into the hole easily. 

the hole 


with a steady firm pressure 


When reaming steel. 
do 


Turning the wrench too fast or too slowly will cause the reamer to 


chatter, 


START 


REAMED 

HOLE 

(ENLARGED TO SHOW 
CUTTING EDGE) 


Figure 26. Reaming operati 
(3) Taper pin reamers. 


on. 


Be 


producing an unevenly reamed hol 


ot 


Figure 27. 


fore uSing a taper pin reamer be ce 


Use of tap wrench with reamer. 


rtain that the 


hole is the right size, generally just large enough to allow about 1/2 inch of the 
reamer's length to go into it. 1] 


possible size that will allow the 


depth. K 
To prevent 


away the metal chips 


(4) 
the reamer 


completely 


to see if they a 


clockwise in sho 


p the reamer as strail 
damage to the walls o 
that stick 


Pipe reamers. Befor 
e sharp and eve 
into 
th 


removed. Remov 


h 


The dri used to make the hole must be the largest 
reamer to clean up the hole along its entire 

ght as possible and ream hole as discussed above. 

fF the hole, remove the reamer frequently and brus 

to the flutes. 

e using a pipe reamer (fig 28), inspect the flut 

n and free from nicks or burs. Insert the point 


the pipe and push firmly. 
rt even strokes until the burs inside 


Note. 


removing it simul 


taneously. 


reamer 


Rotate the 


handle of the reamer 
the cut piece o 
from the pipe by rotating it cl 


f pipe are 
ockwise and 


The pipe must be secured in a pipe vise during this bur removing 


operation. 
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10. THR 


KADING. 


a. 


plastics, or hard 


Purpose of taps and dies. 
rubber. 


Figure 28. 


dies are used to cut external threads. 


Taps and dies are used 
The taps are used for cut 


Removing bur from cut pipe. 


to cut 
ternal 


ting int 


threads in metal, 
threads and the 


the supply 


and pipe taps 


boiler taps, 


9) has a chamfer 


tapping operation 


for use after the 


he most popular. 


used for 
fer length of 
after the plug 


b. Types of taps. There are several types of taps issued by 

system. However, the most common are the taper, plug, bottoming, 
(fig 29). Special purpose taps (fig 30) such as mud or washout taps, 
and staybolt taps are also discussed in this paragraph. 

(1) Taper hand tap. The taper or starting hand tap (fig 2 
length of 8 to 10 threads. These taps are used when starting the 
and tapping coarse threads in through holes especially in harder metals. 

(2) Plug hand taps. Plug hand taps (fig 29) are designed 
taper tap and in through holes when tapping softer metals or fine-pitch threads. 
They have a chamfered length of 3 to 5 threads. These taps. are 

(3) Bottoming hand taps. Bottoming hand taps (fig 29) are 
threading the bottom of a blind hol They have a very short cham 
only 1 to 1-1/2 threads for this purpose. This tap is always used 
tap has already been used and for hard materials. Both the 


hand taps should preced 


(4) Pipe taps. 


the use of 


A taper pipe 


other places wh xt 
to end of threaded port 


mely tight fit 
tion, increases a 


threads on this tap cu 
nonchamfered port 


tion does the cutt 


t as compared to 
ting. 


the bottoming hand tap. 
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taper hand and plug 


tap (fig 29) is used for pipe fittings and on 
ts are necessary. The tap diameter, from end 
t the rate of 3/4 inch per foot. All 
the straight taps where only the 
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Figure 29. Types of common taps. 
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Figure 30. Special purpose taps. 


(5) Boiler taps. Straight boiler taps (fig 30) range in diameter from 1/2 
to 1-1/2 inches, The chamfered portion of the thread simplifies starting. Taper 
boiler taps have no chamfered portion and the threaded portion is tapered 3/4 inch 


per foot. The overall and shank diameters are similar to those of straight boiler 


taps. 
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(6) Staybolt taps. Staybolt taps (fig 30) are used principally in boiler 
locomotive and railroad shops for tapping the staybolt holes in the outer and inner 
plates or shells of boilers. 


(7) Mud or washout taps. Mud or washout taps (fig 30) have 6 flutes with a 
1-1/4-inch taper per foot and 12 threads per inch. They are used to cut special 
American National or V-form threads when tapping mud plug drain holes. 


(8) Fusible plug tap. The fusible plug tap (not illustrated) is made of 
carbon steel and has a 1-1/4-inch taper per foot. It has a thread length of 4-3/8 
inches, is 1l-inch square on the shank, has 4 flutes, and is 7 inches long. 


(9) Pipe tap and drill. A pipe tap and drill (not-illustrated) is a 
combination twist drill and tap. The tap portion follows the twist drill tip. The 
tool does drilling and tapping in one operation. They are made of carbon steel 
with a tapered square shank and sized to drill and tap holes 1/4--18, 3/8--18, and 
1/2--14. 


c. Types of dies. Dies are made in several different shapes and are of the 
solid or adjustable type. 


(1) Solid dies. 


(a) Square pipe dies. The square pipe die (fig 31) will cut American 
Standard Pipe Thread only. It is issued in sizes that will cut threads on pipe 
from 1/8--27 to 3-8. 


(b) Rethreading dies. A rethreading die (fig 31) is used principally for 
dressing over bruised or rusty threads on screws and bolts. However, it may be 
used for cutting occasional new threads. It is available in a variety of sizes for 
rethreading American Standard Coarse and Fine threads. These dies are usually 
hexagon in shape and can be turned with a socket, box, open-end, or any wrench that 
will fit. Rethreading dies are available in sets of 6, 10, 14, and 28 assorted 
sizes in a case. 


Figure 31. Types of solid dies. 
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(2) Adjustable dies. 


(a) Round split adjustable dies. Round split adjustable dies (fig 32) 
are called "Button" dies and can be used in either hand diestocks or machine 
holders. The adjustment in the screw adjusting type is made by a fine-pitch screw 
which forces the sides of the die apart or allows them to spring together. The 
adjustment in the open adjusting types is made by means of three screws in the 
holder--one for expanding and two for compressing the dies. Round split adjustable 
dies are available in a variety of sizes to cut American Standard Coarse and Fine 
threads, special form threads, and for the standard sizes used in Britain and other 
European countries. For hand threading, these dies are held in diestocks (fig 33). 
One type has three pointed screws that will hold round dies of any construction, 
although specifically made for open adjusting-type dies. 


ADJUSTING 
SCREW 


SCREW ADJUSTING TYPE OPEN ADJUSTING TYPE 
ROUND SPLIT (BUTTON) DIES 


TWO.-PIECE COLLET DIE 


Figure 32,. Types of adjustable dies. 


(b) Two-piece collet dies. A two-piece collet die (fig 32) is used with 
a collet (fig 33). The collet consists of a cap and guide. The die halves ar 
placed in the cap slot and are held in place by the guide which screws into the 
underside of the cap. The die is adjusted by means of setscrews at either end of 
the internal slot. This type of adjustable die is issued in various sizes to cover 
the cutting range of American Standard Coarse and Fine and special form threads. 
Diestocks (fig 33) to hold collets are issued in three sizes. 
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T.HANDLE TAP WRENCH 


SINGLE SCREW DIESTOCK THREE SCREW DIESTOCK 


Figure 33. Diestocks, die collet, and tap wrenches. 


(c) Two-piece rectangular pipe dies. Two-piece rectangular pipe dies 
(fig 32) are available to cut American Standard Pipe Threads. They are held in 
ordinary or ratchet-type die-stock. The jaws of the dies are adjusted by means of 
setscrews. An adjustable guide serves to keep the pipe in alinement with respect 
to the dies. The smooth jaws of the guide are adjusted by means of a cam plate; a 
thumbscrew locks the jaws firmly in the desired position (fig 34). Non-ratchet- 
type diestock and plain guides are also available for pipe threading (fig 35). 


TWO-PIECE RECTANGULAR F' LeELe 


PIPE 


leodoash TOY TY 


Figure 34. Adjustable die guide and ratchet diestocks. 
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in diameter, 


a full 


the outside diameter of 
r tapping could be smaller 
thread is cut. 


The shape 


subtracted from the tap diameter. 


as this will cause tapping 
t diameter to produce a thread 

This 75 percent is onl 
to 53 percent fo 
th 


ly an average. Actually, 


r small or deep holes to a maximum 
read depth for al 
You must determine which is most suitable by 


ll sizes, under all 


tapped hol 


e, nature of material 


(a) Diameter and pitch of tapped hole. The coarser the pitch, the 
larger is the thread depth if a full thread were cut. Try a drill giving 75 
percent thread depth first. If tap breakage results, reduce the thread depth 
gradually by using larger drills until satisfactory performance is obtained. 


Note. - A nut with only 50 percent thread depth will break the bolt before it 
strips the thread. 


American Standard screw threads are standardized in two series: coarse and fine. 
As a tap size becomes smaller, the percentage of double thread depth in relation to 
basic major diameter of the screw generally becomes larger. 


% Double thread depth 


Basic major diameter Coarse Fine 
1.0 inch 16 9 
0.750 inch 17 11 
0.500 inch 20 13 
0.375 inch 22 14 
0.250 inch 26 19 
No 5 machine screw 26 24 


(b) Nature of material being tapped. Soft metals such as copper, 
aluminum, monel metal, nickel silver, and the low melting point alloys have a 
tendency to flow toward the root of the minor diameter of the tap while being 
tapped. The minor diameter of tapped holes in such material will be smaller after 
tapping. Take this into consideration when selecting the tap drill of sufficient 
size. Use the smallest thread depth possible on materials that are very tough or 
of high hardness. This is accomplished by using the largest drill possible, which 
nevertheless will be smaller than the one used for softer materials under similar 
circumstances. 


(c) Depth of tapped hole. Larger tap drills giving 50 percent thread 
depth may be used when holes are deeper than 1-1/2 times the tap diameter. Punched 
holes often cause binding and tap breakage, especially in thin sheet metal, which 
creates an "oilcan" effect. When the hole is punched, the metal is flared out. As 


the tap is reversed after threading, it draws in this flare and binds. Consider 
this when selecting punch size. The larger the punched hole, the less tendency for 
the tap to bind. Holes formed in castings and forgings should be checked for 75 


percent depth and reamed to size, if necessary, before tapping. 


(2) Tapping a hole. 


(a) After the proper size and type hole (fig 36) is drilled and cleaned, 
secure the tap in a tap wrench. 


SLND 
OPEN OF NOT BOTTOM. BOTTOMING fave ene 
HOLE WITS 

THROUGH HOLE aucs HOLE MOLE eee 


Figure 36. Types of drilled holes. 
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(b) Apply cutting oil to the tap and to the hole. Place the point of 
the tap in the hole and rotate the tap (fig 37) clockwise for right-hand threads 
and counterclockwise for left-hand threads. 


Figure 37. Using a tap and tap wrench. 


(c) Check the tap for straightness in the hole by using a square (fig 
38). Check to see that the tap is in line with the axis of the hole and at right 
angles to the face of the work. Check at more than one position around the tap. 


Figure 38. Checking tap for straightness. 


(d) It is not necessary to feed the tap into the hole with any pressure 
as the threads will pull it in at the proper rate. Keep the tap straight. 


(e) When tapping rough material, after each half turn of the tap ina 
forward or cutting direction, rotate the tap a quarter turn back, then a half turn 
forward, then a quarter turn back, etc, until the hole is tapped. Use pure lard 
cutting oil to keep the tap well lubricated when tapping. 
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(f£) 


If the hole to be tapped is a blind hole (fig 36), use a plug tap and 


finally a bottoming tap (fig 39) to complete the tapping operation. A bottoming 
hole is one in which the thread has been tapped as far as the bottom. Use extreme 
caution to keep the taps from being forced against the bottom of the hole. Check 
cut threads with the proper screw pitch gage. 


Figure 39. Using a die and diestock. 


e. Use of dies. 


(1) General. The general procedure for cutting threads by hand is 


described below. 


(a) Make certain the work to be threaded is clean and free from burs. 

(b) Secure the work firmly in a vise (fig 39). 

(c) See that the die is held firmly in the diestock. Set an adjustable 
die to the desired size before securing it in the diestock. 

(d) Drop some cutting oil on the work and the die and position the 


chamfer of the front face of the die (side with the longest chamfer) squarely on 


the work. 


(e) 
After cutting 


work. Use a try square or suitable tool to check squareness. 


(f) 
prevent teeth 
Note. - When 

(g) 


Rotate the die slowly, but firmly, until the threads take hold. 
several threads, stop to determine if the die is square with the 


Turn the die back a quarter turn after each forward full turn to 
from breaking off and for ease of threading. 


threading hard materials, use cutting oil liberally. 


Back the die off the newly cut thread carefully and check the cut 


threads with the proper screw pitch gage. 
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(2) Adjustment for pitch diameter. The diestock (fig 33) for holding round 
split open adjusting dies (fig 32) has three screws. A fine pitch screw in this 
diestock enters the split in the die and forces the sides apart and the other two 
screws are on the opposite side for compressing. A single screw diestock (fig 33) 
is used to hold dies of the round split screw adjusting type (fig 32), that are 
provided with an adjusting screw which forces the sides apart or allows them to 
spring together, although this type die will fit in a three-screw diestock as well. 
Two-piece rectangular dies (fig 32) are adjusted by setscrews at either end of the 
diestock or of the slot in the collet (fig 33 and 34) in which they are placed. 


(3) Threading pipe. The procedure for threading pipe is as described below. 


(a) Lock the pipe securely in a pipe vise (fig 40). 


Figure 40. Threading pipe. 


(b) Inspect the dies to see that they are sharp and free from nicks. 


(c) Assemble two-piece rectangular pipe die (fig 32) on adjustable die 
guide and ratchet diestock (fig 34). 


(d) Set the die to the desired siz 


(e) Apply cutting oil to cutting edges of die and to the pipe to prevent 
overheating of dies and marring of the cut threads. 


(f) Place diestock on the pipe and push lightly with the heel of your 
hand until the die is up against the end of the pipe. Adjust guide to admit pipe 
by loosening thumbscrew (fig 34), rotate cam plate until guide fits pipe, and 
tighten thumbscrew after adjustment. 
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(g) Rotate the diestock clockwise a few short strokes to start the cut. 
Lock ratchet and pump handle up and down several strokes (fig 40). 


(h) Reoil die. 


(1) Reverse ratchet and stroke frequently to free die of chips. 


(j) Thread pipe until threaded end of pipe projects 1/4 to 1/2 inch from 
diestock. 


(k) After threading, set ratchet for reverse operation and back off die. 


(1) Check for proper length of threaded pipe. For determining the 
length of threaded pipe for standard fittings and couplings for various size pipe, 
refer to figure 41. 


Sise of pipe O.D. Seems ie re a 

fin.) Inches per inch fia.) 
Mores erie g geet ene 0.540 18 x 
BGcacs dae pitas sees 0.675 18 & 
Sere 0.840 14 ug 
| ee ae 1.056 14 ag 
Mi tai d ote dc odcrakwis we, 1.315 11K 1 
| Sa ereeeees 1.660 1k 1 
USG eeczogca sc hpac ress 1.800 114 1 
ee eee 2.375 11& 1% 
DIG! wecie casio aitie nie nee 2.875 8 1% 
SB evan sod Gedichte 3.500 8 1% 
has, 2-8 Asa betel sere 4.500 8 13% 
Dag aig 3 seee'g gn es ends 5.563 8 143 
Gest eis sees deme 6.625 8 ily 


Figure 41. Pipe thread data for standard pipe. 


11. THREAD CHAS 


Gl 


RS. 


a. Purpose of thread chasers. Thread chasers are used to rethread damaged 
external or internal threads. 


b. Types of thread chasers. Thread chasers (fig 42) are threading tools that 
have several teeth. These tools are available to chase threaded parts having 


standard threads. The internal thread chaser has its cutting teeth located on a 
side face. Th xternal thread chaser has its cutting teeth on the end of the 


shaft. The handle end of the tool shaft tapers to a point. 


c. Use of thread chasers. Select the proper thread chaser for the job. You 
must know the number of threads per inch on the work. Simply use a rule to measure 
off a distance and count the threads in the measured distance. If screw pitch 
gages are available use them to determine the number of threads per inch. Secure 
the work securely in a vise or hold it in one hand. Hold the chaser in the other 
hand and run it around the threaded section. Hold chaser firmly so that the 
cutting teeth are parallel to the threads in the work. ‘' 


The cutting action will 
follow the previously cut threads and restore the damaged portion. 
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Figure 42. Thread chasers. 
12. JOINING. 
a. Fittings. 
(1) Principles. Fittings are generally screwed to one end of the pipe 
while it is still in the vise after cutting, reaming, and threading. The assembled 


pipe and fittings are then screwed into the proper place on the equipment. The 
steps below describe how to make up leakproof joints. 


(2) Procedure. 


(a) Inspect the female thread on the fitting and, if necessary, clean it 
with a stiff brush. 


(b) Repeat the same procedure for the male thread on the pipe. 


(c) Coat the male thread evenly with pipe joint compound. Do not put 
any compound on the female thread. 


(d) Screw the fitting on the pipe, making sure that the fitting turns 
easily for the length of about three threads. 


(e) Using a wrench, tighten the fitting on the pipe until the joint is 
tight. Figure 43 shows three common wrenches which were covered in lesson 1. The 
stillson wrench {1, fig 43) is used for ordinary work; the strap wrench (2, fig 29) 
for polished or plated pipe; and the chain wrench or chain tongs (3, fig 43) for 
pipe 3 inches or larger. Use the right size wrench for the size of pipe and never 
use a length of pipe as an extension handle for added leverage. Use a second 
wrench to keep an already installed pipe or fitting from turning. If a pipe has 
been threaded to the correct length, two or three threads will show beyond the face 
of the fitting. 


(f) Wipe off excess joint compound and paint th xposed threads with an 
acid-resistant paint. 
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Figure 43. Pipe wrenches. 


b. Soldering. 


(1) Considerations. To make a leakproof joint all tarnish must be 


completely removed from the end of the tubing and the inside of the fitting so that 


the solder will tin all surfaces evenly. The next important step is to get a 
temperature which allows the solder to flow evenly into and completely fill the 
joint. If the temperature is too high, the solder will spurt out of the fitting. 


(2) Procedure. 


(a) Inspect the end of the tubing to make sure it is round and free of 
burs. 


(b) Clean and brighten the end of the tubing and inside of the fitting 
with fine steel wool or emery cloth until both are highly polished. Do not use a 
file as it will scratch the surface. 
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(c) 
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(e) 


Push 


Heat 


Apply a thin coat of noncor 


and the fitting. 


the tubing into the f 
Remove excess flux from 


th 


the fitting. 
possible, 


(f) 


tubing are hot e 
line of solder s 
solder. 
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f of a tee already joined to a 
finished joints. 
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the fitting and 
When a 
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recautions when making soldered connections: 


When the joint is close to wood or other combustible material, 
le material. 


Make sure that the tubing and fitting are kept motionless while 
lder will 


When tubing is joined to a fitting that is already soldered to 
(as in joining to the side takeof 


wrap a wet This prevents the solder 


(h) Additional information on soldering is available in lesson 3. 

13. REPAIRS. 

a. Pipes. Small leaks in a system may require temporary or emergency repairs 
if materials needed to repair them permanently are not readily available. A 
permanent repair should be made as soon as possible to replace the weak or 
defective part with units the same size and quality as the original installation. 
Before making any repairs, relieve the pressure from the system. Pipes can be 
temporarily repaired in a number of ways. 

(1) Rubber hose or plastic tubing. Cut the pipe on either side of the leak 
with a hacksaw or pipe cutter Remove the damaged pipe section and replace it with 
a length of rubber hose or plastic tubing by slipping the ends over the pipe and 
fastening them with hose clamps. The inside diameter of the hose must fit the 
outside diameter of the pipe. 

(2) Sheet rubber. Wrap the leaking area with sheet rubber. Place two sheet 

metal clamps, one on each side of the pipe, and fasten the clamps with nuts and 
bolts. 

(3) Electrician's friction tape. Wrap several layers of electrician's 


friction tape around the hole or crack extending it about 2 inches above and below 


the leak. 
(4) 


plug will swell 
by pressure. 


Wood plugs. 
is driven into the hole after it is drilled 


Small holes ar 


because it absorbs water 


sometimes filled with wood plugs. 
or reamed. Hardwood is the best 


this prevents it 


and 
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The plug 


The 


t from being blown out 


b. Valves. Because of the large number of valves used in systems, a mechanic 
must know how to maintain and repair them. All valves should be checked regularly 
for leaks. Leaks may be caused by leaking washers or leaking bonnets. 


(1) Globe valves. 


(a) Washers. To repair a globe or compression type valve (fig 44) with 
a rubber or fiber disk, first shut off the water at the main and drain the line. 
Using a suitable wrench, such as a crescent-type adjustable wrench or a monkey 
wrench, remove the valve bonnet and stem and inspect the disk for wear. If the 
disk shows wear, unscrew the disk retaining nut and replace the disk with another 
of the correct size. Inspect the seat of the valve for pitting. If pitting is 
severe, replace the whole valve, but when the pitting is minor, the valve will 
often function perfectly with a new disk. Several manufacturers make valves with 
replaceable brass valve seats. To repair such a valve, follow the manufacturer's 
recommendations. 


WHEEL NUT 
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Figure 44. Details of globe valve. 


(b) Bonnets. Before replacing the stem and bonnet, slide the bonnet up 
toward the handle on the stem to expose the bonnet packing. If the valve is 
leaking through the bonnet or if the packing appears worn, wrap a few strands of 
lamp wicking dipped in pipe joint compound around the stem and then slide the 
bonnet down over the packing. Screw the bonnet and stem assembly back into the 


valve body. 


(2) Gate valves. Maintenance of the gate valve is similar to that of the 
globe valve except that the only part of the valve which needs attention is t 
bonnet packing. This is replaced in the same way as on the globe valv 
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14. CARE OF TOOLS. 
a. Care of cutters and flaring tool 
(1) Cutter wheels. 
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b. Care of reamers. 
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accurate work, 


rs thoroughly and coat with a 


Wrap 


Care of taps and dies. 


Do not attempt to sharpen 
taps and dies involves several highly precision cut 
chamfer angle, 
These cutting procedures must be accomplished by 
to maintain the accuracy and cut 


and, 


ach reamer separat 


in some cases, 


For long periods of sto 
tive compound; place in individual 


or sl 
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ly in oiled cloth and store in 


taps or dies. Sharpening of 
ing processes where the thread 
the book angle and spiral point 
xperienced 
ffectiveness of taps and 


ting e 


Keep taps and dies clean and well oiled when not in use. 
they do not contact each ot 


ther or other tools. 


rage, coat taps and dies with a rust- 
tandard threading set boxes in a dry 


d. Care of thread chasers. Never attempt to sharpen thread chasers yourself 


as this is a highly specialized cutting process and involves precision work on hard 


tool steel of a shape altogether not suited for simple stroking on an oilstone. 
Store chasers carefully when not in use. Coat with a light film of oil and case 
individually so that the cutting edges do not touch other metal. For long periods 
of storage, coat chasers with a rust-preventive compound and store in a dry place. 
15. SAFETY. Because of high pressures and temperatures found in some types 
of equipment extreme caution must be taken. A few safety rules are: 
a. Shut off all steam lines and remove pressure before attempting maintenance. 
b. Allow lines to cool before working on them. 
ec. Insulat xposed steam lines within easy reach of personnel to prevent 
burns. 
d. Do not permit smoking in the area when installing or repairing fuel lines. 
e. Test all lines before us 
EXERCISE 
22. What would be the advisable bending radii for a 1/2-inch iron pipe? 
a. 1-3/4 inches 
b. 3-1/4 inches 
c. 2-1/2 inches 
23. What is used with the die block to make a double flare in the ends of tubing? 
a. Flanging tool 
b. Double cutter 
c. Yoke and adapters 
24. How often is the pipe cutter handle rotated when cutting pipe? 
a Quarter turn clockwise for each complete revolution 
b. Quarter turn counterclockwise for each complete revolution 
c. Just keep tight enough to prevent cutters from slipping 
25. What is used to prevent solid reamers from chattering? 
a. Evenly spaced lands 
b. Spiral flutes 
c. Irregularly spaced lands 
26. What caution should be taken when using a reamer? 


a. Do not turn the wrench clockwise 
b. Use solid straight hole reamer for work not requiring accuracy 
c. Do not turn the wrench counterclockwise 
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27. The most common taps issued are the 


a. boiler and bottom. 
b. taper, plug, bottom, and pipe. 
c. mud and taper. 


28. The type of die that will cut American Standard pipe thread ONLY is the 


a. square pipe die. 
b. rethreading die. 
c. adjustable die. 


29. Which statement is TRUE in respect to joining pipes and fittings? 


a. Coat only female threading with pipe joint compound 
b. Coat only male threading with pipe joint compound 
c. Coat both male and female threading with pipe joint compound 


30. What corrective action is taken when the proper pressure is used on a reamer 
and it chatters? 


a. Replace 
b. Sharpen with a grindstone 
c. Sharpen with a file 


16. SUMMARY. In this lesson we have covered the basic procedures for 
pipefitting to include measuring, fittings, cutting, reaming, threading, and use 
and care of pipefitting tools. Your ability to supervise repairmen in the 
performance of these procedures could very easily be the difference between having 
a piece of equipment operational rather than deadlined. 
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ding, Cutting, 


Brazing, and Soldering 


GeESS Ons ODPSCvsves sy ivelecs os, suds isis, SG. 3 eae Neve des After studying this lesson you will be 
able to: 
dies Describe the procedures for 


setting up oxyacetylene welding 
equipment to include flame 


adjustments. 


2.3 Explain oxyacetylene cutting 


operations of mild steel. 


34 Describe oxyacetylene brazing 
operations. 
4. Describe soldering operations to 
include safety procedures. 
DSS cs fe ete ES Syed ee e Ae eed Bee handed Pee Attached Memorandum 
Materials Regquired.............. cee wees Response list and answer sheet 
SUGGSSTLONG: 3 eee ays. sole re te Fhe udig. etue sy By Sear Boece a Study illustrations as the text is 
read. If possible, visit a maintenance 
shop where welding, cutting, brazing, 


and soldering equipment is available 
and observe the actual operations. 


ATTACHED MEMORANDUM 


SECTION I. GENERAL 


1. INTRODUCTION. 


a. The use of a welding torch in metalworking is by no means a new thing. A 
crude form of welding torch was used by the Ancient Egyptians, Greeks, and Romans 
to work on precious metals. The flame came from alcohol and other fluids. 
Although acetylene was discovered as early as 1836, it was not widely used, except 
in laboratories, until 1892 when a method of producing calcium carbide was 


discovered. The year 1903 marks the beginning of the oxyacetyl 
general welding and cutting. 
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Metalworking with its many related activities 
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techniques and procedures present 


all problems encountered in the fiel 


proved by long usage. 
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ECTION II. 


is an important 
these various units could not be full 
ified in metalworking. 
in this lesson are by no means the answer to 


function ina 
ly and 
The 
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SAFI 


LY. 


explosions, 


the procedures covered hav 


n 


Great care should be taken in handling any type of welding 


equipment to prevent personnel injury from fire, or harmful agents. 


Both general and specific safety precautions listed below must be strictly observed 


by workers who weld or cut metals 


a. Do not permit unauthorized persons to use welding or cutting equipment. 
b. Do not weld in building with wooden floors, unless the floors are protected 
from hot metal by means of asbestos fabrics, sand, or other fireproof material. 
Be sure that hot sparks or hot metal will not fall on the legs and feet of the 
operator or on any welding equipment components. 

c. Remove all flammable material such as cotton, oil, gasoline, etc, from the 
vicinity of welding. 

d. Before welding or cutting warn those in close proximity who are not 
protect-ed by proper clothing or goggles. 

Remove assembled parts that may become warped or otherwise damaged by the 
welding process. 

f. Do not leave hot, rejected electrode studs, steel scrap, or tools on the 
floor about the welding equipment. These may cause accidents. 

g. Keep a suitable fire extinguisher conveniently located at all times. 

h. Mark all hot metal after welding operations are completed. 

3s PROTECTION OF THE EYES AND SKIN. 

a. General. Protective clothing and equipment must be worn during welding 
operations. During all oxyacetylene welding and cutting processes, operators will 
use safety goggles to protect the eyes from heat, glare, and flying fragments of 
hot metals. During all electric welding processes, operators will use safety 
goggles and a hand shield or helmet equipped with a suitable filter glass 


(depending upon the size of 
cutting current) 
When others ar 
screened so tha 
from glass, metal, 


b. Protective clothing. 


(1) 


to protect against the in 


the welding rods or the magnitude o 
tense ultraviolet and 


infrared 


Woolen clothing should be worn instead of cotton, 


in the vicinity of electric welding processes, 
the arc cannot be seen eit 


not easily burned or damaged by weld metal spatter, 
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th 


fF the welding or 


rays. 


area must be 
ther by direct vision or by reflection 
or other materials which reflect these rays. 


because the wool is 


provide protection against spatte 


(2) Aprons or jackets made of asbestos cloth or leather should be worn to 


when welding in the vertical or overhead posi 


cuffs 


(3) The welder should wear high upper 


so that the 


molten metal will not be ca 


(4) Flameproof gauntlet gloves, prefe 


r of molten metal. This is especially important 


tion. 


shoes and his pants should be without 
ught in them. 


rably of leather, should be worn to 


protect the hands and arms from the rays of the arc, molten metal spatter, sparks, 
and hot metal. Leather gloves should be of sufficient thickness so that they will 
not shrivel in heat, burn through, or wear out quickly. Do not allow oil or grease 


to come in 


contact with the gloves because th 


is will reduce their flame resistance 


and cause them to be readily ignited or charred. 


hot metal, 
welding or cut 


is an 


lenses make it 


c. Protectiv gquipment. 


(1) To safeguard the eyes and face from harmful light rays and particles of 


goggles, spectacles, or helmets wi 
tting by any process. The color 


th colored lenses should be worn when 


of the lenses, usually blue or brown, 


added protection against the intensity of white light or glare. Colored 


(2) Do not wel 
from the arc may cause serious burns. 
the proper shade for arc welding. 


t possible to clearly see the metal and weld. 


using a cover glass. Replace these cover gla 
spatter. 


Note. 


ld with cracked or defective shields because penetrating rays 
Be sure that the colored glass plates are 
Protect the colored glass plate from spatter by 


sses when damaged or spotted by molten 


- This colored glass must be manufactured in accordance with specifications 
detailed in the "National Safety Code for the Protection of the Hands and 

Industrial Workers, " issued by National Bureau of Standards, 

Washington, D.C. 


Eyes of 


(3) Two basic types of helmet 
parts of the head which might be cont 


ts are commonly used to protect eyes and all 
tacted with injurious rays. One type is worn 


on the welder's head and when not in use can be raised out of the way on a hinged 
strap. The other is a hand shield type which is held over the face with one hand 
by means of a handle. These helmets are mad 


black in color to minimize light reflection. 


4, 


FIRE HAZARDS. 


of vulcanized fiber and are dull 


a. During welding and cutting operations sparks and molten spatter are formed 
and sometimes fly appreciable distances. For 
should not be done near flammable materials unless every precaution is taken to 
prevent ignition. 


b. Whenever 


requiring welding, 


practical 


this reason, welding or cutting 


possible, flammable materials attached to or near equipment 


brazing, or cutting should 


used to prot 


be removed. If removal is not 


a suitable shield of asbestos or other heat-resistant material should be 
tect the flammable material. Fire t 


extinguishing equipment for the type 


of fire that may be encountered is to be present. 


c. When welding or cutting parts of vehicles, the oilpan, gasoline tank, etc, 
should be considered fire hazards and effectively shielded from sparks, slag, and 
molten metal. 
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5. VENTILATION. 


a. When using welding equipment in a closed area mak 


proper ventilation and be sure that 
explosive vapors are present in the 
zone. This assistant should be inst 
necessary action in case of any emer 


b. The fumes of burning paint or 


cutting of brass, lead, zinc, and ga 
with poisonous particles of oxides, 


WARNING: Under the action of an electric arc, 
converted into poisonous compounds. 


no traces of 
area. 


gency. 


gasoline, 


certain to provide 
acetylene, or other 


Station an assistant outside the danger 
ructed to look out for 


fires and take other 


those generated during brazing, welding, or 
lvanized or cadmium plated parts are filled 
lead, or zinc. 


nitrogen and oxygen from the air are 
If welding is conducted ina 


confined and insufficiently ventilated space these compounds may become 


highly concentrated and, if inhaled in any appreciable quantity, they may 
cause serious disability or death. 


c. Because welding operations usuall 


adequate ventilation is essential. 


.ocal exhaus 


ly generat 


t systems 


te harmful gases, fumes, and dust, 


should be provided to 


remove such substances. Where the nature of the work requires further protection, 


special respiratory equipment should be furnished 


the operators. Many unknown 


toxic hazards can be encountered, particularly in experimental welding of new types 


of materials. Required ventilation st 


tandards and standard operating procedures 


should be cleared through the safety inspector before starting such a new operation. 


6 SAFETY IN OXYGEN AND ACETYLE 


INE WELDING. 


a. General. 


R In addition to the information 
listed in paragraphs 2 through 5, the following precautions must be observed when 
involved in oxygen and acetylene operations. 


(1) Do not experiment with torches or regulators in any way. Do not use 
oxygen regulators with acetylene cylinders. 


(2) Always use the proper tip of nozzle, 
pressure for the particular work involved. This 


work-sheets or tables supplied with 


(3) When not in use make certain that the 


valves are tightly closed. Do not hang the torch 


cylinder valves. 


(4) Do not light a torch with a match, fr 
space. The explosive mixture of acetylene and ox 
or property damage when ignited. Use friction li 
or some other suitable source of ignition. 


and always operate it at the proper 
information should be taken from 


the equipment. 


torch is 
with its 


om hot met 
ygen might 
ghters, s 


not burning and that the 
hose on the regulator or 


tal, or in a confined 
t cause personal injury 


tationary pilot flames, 


te ventilation for the 


(5) When working in confined spaces provide adequat 
dissipation of explosive gases that may be generated. 


(6) Keep a clear space betw 


n the cylinder and the work so that the 
cylinder valves can be reached easily and quickly. 


(7) Use cylinders in the ord 
separately and mark the latter MT. 


r received. 
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Store full and empty cylinders 


painted regulation Army olive drab while in the hands of the troops. 


(8) Compressed gas cylinders owned by commercial companies should not be 


(9) Never use cylinders for rollers, supports, or any purpose other than 


that for which they are intended. 


b. Acetylene cylinders. 


(1) Always refer to acetylene by its full name and not by the word "gas" 


alone. Acetylene is very different from city or furnace gas. 


(2) Acetylene cylinders should be handled with care to avoid damage to the 


valves or the safety fuse plug. The cylinders should be stored upright in a well 
ventilated, well protected, dry place at a safe distance from highly combustible 
materials such as oil or paint. Do not store the cylinders near radiators, 
furnaces, or in any above normal temperature area. The heat will increase the 
pressure which may cause the safety fuse in the cylinder to blow out. Storage 
areas should be located away from elevators, gangways, or other places where ther 
is danger of their being knocked over or damaged by falling objects. 


(3) A suitable truck, chain, or strap should be used to prevent cylinders 


from falling or being knocked over while in use. Cylinders should be kept ata 
safe distance from the welding operation so that there will be little possibility 
of sparks, hot slag, or flames reaching them. They should be kept away from 
radiators, piping systems, layout tables, etc, which may be used for grounding 
electrical circuits. Nonsparking tools should be used when changing fittings on 


cylinders of flammable gases. 


(4) Never use acetylene from cylinders without reducing the pressure with a 


suitable pressure reducing regulator. Never use acetylene at pressures in excess 
of 15 PSI. 


(5) Before attaching the pressure regulators open each acetylene cylinder 


valve for an instant to blow dirt out of the nozzles. Wipe off the connection seat 
with a clean cloth. Do not stand in front of valves when opening them. 


(6) Outlet valves which have become clogged with ice should be thawed with 


warm water. Do not use scalding water or an open flame. 


(7) Be sure the regulator tension screw is released before opening the 


cylinder valve. Always open the valve slowly to avoid strain on the regulator gage 
which records the cylinder pressure. Do not open the valves more than one and one- 


half turns. Usually one-half turn is sufficient. Always use the special 1 


-wrench 


provided for the acetylene cylinder valve. Leave this wrench on the stem of the 
valve while the cylinder is in use so that the acetylene can be quickly turned off 


in an emergency. 


(8) Acetylene is a highly combustible fuel gas and great care should be 


taken to keep sparks, flames, and heat away from the cylinders. Never open an 
acetylene cylinder valve near other welding in cutting work. 


(9) Never test for an acetylene leak with an open flame. Test all joints 


with soapy water. Should a leak occur around the valve stem of the cylinder, close 
the valve and tighten the packing nut. Cylinders leaking around the safety fuse 


pl 
5] 


lug should be taken outdoors, away from all fires and sparks, and the valve opened 
ightly to permit the contents to escape. 
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(10) If an acetylene cylinder should catch fire it can usually be 
extinguished with a wet blanket. A burlap bag wet with calcium chloride solution 
is effective for such an emergency. If these fail, spray a stream of water on the 
cylinder to keep it cool. 


(11) Never interchange acetylene regulators, hose, or other apparatus with 
Similar equipment intended for oxygen. 


(12) Always turn the acetylene cylinder so that the valve outlet will point 
away from the oxygen cylinder. 


(13) When returning empty cylinders, see that the valves are closed to 
prevent escape of residual acetylene or acetone solvent. Screw on protecting caps. 


c. Oxygen cylinders. 


(1) Always refer to oxygen by its full name and not-by the word "air" alone. 


(2) Keep oxygen away from oil, grease, and other flammable materials. Do 
not handle oxygen cylinders, valves, regulators, hose, or apparatus with oily 
hands. Do not permit a jet of oxygen to strike greasy clothes, any oily surface, 


or to enter a fuel oil storage container. 


WARNING: Oil or grease in the presence of oxygen will ignite violently. 
Especially in enclosed pressurized areas. 


(3) Do not store oxygen cylinders together with cylinders containing 
acetylene or other fuel gases. They should be grouped separately with a fire 


resisting wall between the acetylene and oxygen cylinders. 


(4) When oxygen cylinders are in use or being moved, care must be taken to 
avoid dropping, knocking over, or striking the cylinders with heavy objects. Do 
not handle oxygen cylinders roughly. 


(5) All oxygen cylinders with leaky valves or safety fuse plugs should be 
set aside and marked for the attention of the supplier. Do not tamper with or 
attempt to repair oxygen cylinder valves. Do not use a hammer or wrench to open 
the valves. 


WARNING: Do not substitute oxygen for compressed air in pneumatic tools. Do not 
use it to blow out pipelines, test radiators, purge tanks or 
containers, or to dust clothing or work. 


(6) Open the oxygen cylinder valve slowly to prevent damage to the 
regulator high-pressure gage mechanism. Be sure that the regulator tension screw 
is released before opening the valve. When not in use, the cylinder valves should 
be closed and the protecting caps screwed on to prevent damage to the valves. 


(7) When the oxygen cylinder is in use open the valves to the full limit to 
prevent leakage around the valve stem. 


(8) Always use regulators on oxygen cylinders to reduce the cylinder 
pressure to a low working pressure. Otherwise the high pressure will burst the 
hose. 


(9) Never interchange oxygen regulators, hose, or other apparatus with 
similar equipment intended for other gases. 
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d. Hose. 
(1) Do not allow 
penetrate and deteriorate 


the hose to come in cont 
the rubber and constit 


the hose from being walked on or run over. 


tact with oil or grease. 
tute a hazard with oxygen. 


Avoid kinks 


(2) Always protect 
and tangles. Do not leav 
result in personal injury, 
Do no 
waist. 

(3) 

(4) 
oil, grease, 


other equipment. 


(5) 
under pressur 
Repair leaks by cutt 

Replace hose if n 


whil 
hose,. 
mending. 


the hos 
damaged connections, 
t work with the hose over your shoulder, 


Protect the hose from hot slag, 
Never force hose connections that do not fit 


or other pipe fitting compounds for connect 
Never crimp hose to shut off gases. 


where anybody can trip over it. This could 
or cylinders being knocked over. 


around your legs, or tied to your 


flying sparks, and open flames. 


Do not use white lead, 
or 


ions on hose torch, 


Examine all hose periodically for leaks by immersing hose in water 
Do not use matches to check for ] 


leaks in the acetylene 
lice. Do not use tape for 


ting hose and inserting a spl 


cessary. 


(6) Make sure that 
before using. 


the hos 


is securely attached to torches and regulators 


(7) Do not use new or stored hose lengths without first blowing them out 
with compressed air to eliminate talc or accumulated foreign matter which might 
otherwise enter and clog the torch parts. 

(8) Do not tape oxygen and acetylene hoses together. 

Tes SAFETY PRECAUTIONS FOR WELDING AND CUTTING CONTAINERS THAT HAVE HELD 
COMBUSTIBLES. 
a. Explosion hazards. 

(1) In heating, welding, and cutting of containers which are not free of 

combustible solids, liquids, vapors, dusts, and gases, severe explosions and fires 


may result. Containers of 
methods described below. 


WARNING: Do not presume 


proper tests. 


this kind can be made safe by following one of the 


that a container is clean and safe until proven so by 


Do not weld in places where dust or combustible 


particles are s 


(2) Flammab1 
because it previous] 


(a) Gasoline, 


le and explosive subst 
ly held one of the following substances. 


uspended in air or where explosive vapors are present. 


tances may be present in a container 


or other volatile liquid that releases 


(bo) An acid that 


(c) 
at ordinary temperatures, 


light oil, 
potentially hazardous vapors at atmosphe 


A nonvolatile oil or a solid tha 
but will release such vapors when exposed to heat. 


ric pressure. 


reacts with metals to produce hydrogen. 


t will not release hazardous vapors 
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These will 


(d) A combustible solid; i.e., finely divided particles which may be 
present in the form of an explosive dust cloud. 


b. Preparing the container for cleaning. 


(1) In cleaning do not use chlorinated hydrocarbons, such as 
trichloroethylene or carbon tetrachloride. The materials may be decomposed by the 
heat or radiation from welding or cutting to form phosgene. 


(2) Disconnect or remove from the vicinity of the container all sources of 
ignition before cleaning is started. 


(3) Personnel cleaning the container must be protected against harmful 
exposure. 


(4) If practical, move the container into the open. When indoors make sure 


the room is well ventilated. 

(5) Empty and drain the container thoroughly, including all internal 
piping, traps, and standpipes. Removal of scale and sediment may be facilitated by 
scraping, hammering with a nonferrous mallet, or by using a nonferrous chain as a 
scrubber. Do not use any tool which may spark and cause flammable vapors to 
ignite. Dispose of the residue before starting to weld or cut. 

(6) Identify material for which the container was used; determine its 


flammability and toxicity characteristics. If the substance previously held by the 
container is not known. assume that the substance is flammable, toxic, and 
insoluble in water. 


(7) Cleaning a container that has held combustibles is necessary in all 
cases before any welding or cutting is done. This cleaning may be supplemented by 
filling the container with water or by using an inert gas both before and during 
such work. 


(8) Treat each compartment in a container having two or more compartments 
in the same manner, regardless of which compartment is to be welded or cut. 


c. Methods of precleaning containers having held flammable liguids. 


(1) It is very important for the safety of personnel to completely clean 
all tanks and containers which have held volatile or flammable liquids of all 
dangerous fumes. Safety precautions cannot be overemphasized of the dangers 
involved when these items are not thoroughly purged prior to the application of 
heat-especially an open flame. 


(2) Accepted methods of cleaning. The various methods of cleaning these 
containers follow. However, the steam cleaning and automotive exhaust methods are 
considered, by military personnel, to be the safest and easiest methods of purging 
these containers. 


d. Automotive exhaust method of cleaning. 


(1) Completely drain the container of all fluid. 


(2) Fill the container at least 25 percent full of a solution of hot soda 
or detergent (1 lb-per gallon of water) and rinse it sufficiently to insure that 
the inside surface is thoroughly flushed. 


100 


fro 
the 
flo 


unt 


PSI 


sod 
tha 


Note. - Do not use soda ash solution on aluminum. 
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previously held by the container. 
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(3) Drain the solution and again rinse the container with clean water. 


(4) Open all inlets and outlets of the container. 


(5) Using a flexible tube, hose, or other method of directing the exhaust 
m a motor vehicle or stationary engine, direct a stream of exhaust fumes into 


container making sure that there are sufficient openings to allow the fumes to 


w through the container. 


(6) Allow the fumes to circulate through the container for 30 minutes or 


il the container is so hot it cannot be handled. 


(7) Disconnect the tube from the container and using compressed air (min 50 


) blow out all fumes. 


e. Steam method of cleaning. 


(1) Fill the container at least 25 percent full wit 
a ash solution (1 1b per gallon of water) and agitate it 


t the inside surfaces are thoroughly flushed. 


(2) Drain the container thoroughly. 


(3) Close all openings in the container with the except 
ling connection or vent. Use damp asbestos, damp wood flou 
erial for sealing cracks or other damaged sections. 


cT ct 


h hot soda detergents or 
sufficiently to insure 


tion of the drain and 


or Similar 


(4) Use steam under low pressure and a hose of at least 3/4-inch diameter. 


ctricity. 


(5) The procedure for the steam method of 


(a) Blow steam into the container, preferably through 


this method use low-pressure steam. Control th 
the hose. If a metal nozzle is used at the outlet end it 
sparking material and should be electrically connected to 
tainer, in turn, should be grounded to prevent 


steam pressur 


an accumulat 


cleaning is as 


by a valve ahead 


should be made of 
the container; the 
tion of static 


Follows: 


the drain, fora 


iod of time to be governed by the condition or nature of the flammable substance 


When a container has only one opening, position 
so the condensate will drain from the same opening into which 


the steam is 


inserted. (When steam or hot water is used to clean a container wear suitable 


clothing, such as boots, hood, etc, to protect against burns.) 


metal parts are hot enough to permit steam vapors to f]l 


con 


(b) Continue steaming until the container is free from odors and the 


tainer vent or similar opening. Do not set a definit 


low freely out of the 
limit for steaming 


containers as rain, extreme cold, or other weather conditions may condense the 


steam as fast as it is introduced. It may take several 
to such a temperature that steam will flow freely from 


(c) Thoroughly flush the inside of the container wit 


boiling, water. 


(d) Drain the container. 
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to heat the container 
the outlet of 


the container. 


th hot, preferably 


(e) 


(g). 


(f£) 


f. 


(1) 


If it is not 


Close 
described in parag 


Inspect the 


inside of 


the container as described in paragraph ?g(3) 


clean, 


repeat s 


the container openings. 
raph 7g(3) (h). 


Water method of cleaning. 


Wat 


ter-soluble subst 


draining the container with water. 


be remove 
hydrogen; 


(2) 


din 


this manner. 


When the original cont 


teps 


tances can be removed by 


Diluted acid frequently reacts with metal 
care must be taken to see that all traces of 


tainer substance is not 


(a) (b) (c) and (d) above. 


In 15 minutes test a gas sample as 


repeatedly filling and 
Water soluble acids, acetone, and alcohol can 
to produce 
removed. 


the acid are 


readily water soluble, it 


must be treated by the steam method or hot chemical solution method. 


g. 


(1) 


wa 


(2) 


clothing. 


(3) 


follows: 


fill 
ma 


wa 
inserting 
bottom of 


amount of 
fill the 


connectio 
steam to 
maintain 
s 


Hot chemical solution method of cleaning. 


(a) 


(b) 


ter in through 
the hose through 
the containe 
remaining liquid, 


(c) 


(dq) 


Close all 


ing connection or vent. 
terial for sealing c 


Fill the 
the d 


scum, 


rains. 


The chemicals generally used in 
trong washing powder) 


this method are trisodium phosphate 


or a commercial caustic cleaning compound dissolved in 


When cleaning by this method gua 
caustic cleaning compound. 


The procedure for the hot chemical 


container openings with the exception of 
Use damp asbestos, 
racks or other damaged sections. 


container 


or sludge 


Use suitable goggles, 


to overflowing with water, 
If there is no drain, 
the filling connection or vent. 
r to get agitation from the bottom upward. This causes any 
to be carried upward and out of the container. 


ter to a concentration of 2 to 4 oz of chemical per gallon of water. 


rd against injury from steam or the 
gloves, and other protective 


solution method of cleaning is as 


the drain and 


damp wood flour, or similar 


preferably le 
the container by 
Lead the hose 


tting 


flush 


to the 


Drain the container thoroughly. 
Completely dissolve the amount of chemical required in a small 
hot or boiling water and pour this solution into the container. Then 
water. 


container with 


(e) 


n o 


r by a pipe 
the bottom of 
the solution at 
teaming add enough water to permi 


Make a steam connection to the container either through the drain 


the 
toa 


entering through the filling connec 
container. 
ture of 170 
t overflowing of any volatile liquid, 


tempera 


sludge that may have collected at 


the top of the container. 


(f£) 


the top. 
reached when no appreciable amount of volatile liquid, 


tion or vent. Lead the 
chemical solution and 
intervals during the 
scum, or 
Continue steaming until the point is 
scum, or sludge appears at 


Admit steam into the 
to 180°F. At 


Drain the container. 


102 


(g) 


this use a mirror to 


is not clean, 
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EXERCISE 
31. Acetylene should never be used at pressures in 
a. 10 PSI. 
b. 1S. PSE % 
Ga 20 PST. 
32. If an outlet valve on an acetylene cylinder has become clogged with ice, 
ice should be thawed by 
a. using warm water. 
b. using scalding water. 
c. using open flame. 
33. When using an oxygen cylinder, how far is th 
a One full turn 
ion Three full turns 
Conn Full limit 
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opened? 


34. 
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a removable metal cap 
and a low melting point safety fuse plug and disk. 
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Figure 1. Chart of welding processes. 
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(4) 


protects it du 
second seat se 


fully opened 
fusible meta 


Figure 2,. Portable oxyacetylene welding equipment, 


The oxygen cylinder valve is made of tobin bronze which is a soft 
metal. A steel cap threaded to the top of the cyli 


nder covers this valve and 


ring transportation and storage. Th 


valve has a double seat; the 


rving to prevent leakage around the valve stem when the valve is 


that will melt at approximately 212°F 


burst, releasing the gas, to prevent development of 
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tylene cylinder is filled with 
porous materials such as balsa wood, charcoal, shredded asbestos, corn pith, or 
portland cement in order to decrease the size of the open spaces in the cylinder. 
til about 40 percent of the 


rge sponge which absorbs the 
this process the volume of the 


acetylene, being a gas, 


(3) 


Si INCH 


MIN. WALL 0.260 INCH 


Figure 3. Oxygen cylinder construction. 
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107 


Figure 4. Acetylene cylinder construction. 


c. Oxygen and acetylene regulators. The gases compressed in oxygen and 
acetylene cylinders are at pressures too high for oxyacetylene welding. Regulators 
are necessary to reduce pressure and control the flow of gases from the cylinders. 
Most regulators in use ar ither the single-stage or the two-stage type. Check 
valves should be installed between the torch hoses and regulator to prevent 
backflash through the regulator. 


(1) Single-stage oxygen regulator. The mechanism of a single-stage 
regulator (fig 5) has a nozzle through which the high-pressure gas passes, a valve 


seat to close off the nozzle, and balancing springs. Some types have a relief 
valve and an inlet filter to exclude dust and dirt. Pressure gages are provided to 
show the pressure in the cylinder or pipeline and the working pressure. In 


operation, the working pressure falls as the cylinder pressure falls; for this 
reason, the working pressure must be adjusted at intervals during welding 
operations. The oxygen regulator controls and reduces the oxygen pressure from any 
standard commercial oxygen cylinder containing pressures up to 3,000 PSI. The 
high-pressure gage, which is on the inlet side of the regulator, is graduated from 
O to 3,000 PSI. The low-pressure gage, which is on the outlet side of the 
regulator, is graduated from 0 to 500 PSI. 
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Figure 5, Single-stage regulator. 
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(2) Operation of single-stage oxygen regulator. 


(a) The oxygen enters the regulator through the high-pressure inlet 
connection and passes through a glass wool filter which removes dust and dirt. The 
seat which closes off the nozzle is not raised until the adjusting screw is turned 
in. Turning in the adjusting screw applies pressure to the adjusting spring which 
bears down on the rubber diaphragm. The diaphragm presses downward on the stirrup 
and overcomes the pressure on the compensating spring. When the stirrup is forced 
downward, the passage through the nozzle is opened and oxygen is allowed to flow 
into the low-pressure chamber of the regulator. From here the oxygen passes 
through the regulator-outlet and the hose to the torch. A certain set pressure 
must be maintained in the low-pressure chamber of the regulator so that oxygen will 
continue to be forced through the orifices of the torch, even if the torch needle 
valve is open. This pressure is indicated on the working pressure gage of the 
regulator and depends on the position of the regulator adjusting screw. The 
pressure is increased by turning the adjusting screw to the right and decreased by 
turning to the left. 


(b) Regulators used at stations to which gases are piped from an oxygen 
manifold, acetylene manifold, or acetylene generator have only one low-pressure 
gage because the pipe line pressures are usually set at 15 PSI for acetylene and 
approximately 200 PSI for oxygen. 
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(3) Two-stage oxygen requlator. The operation of the two-stage regulator is 
similar in principle to that of the single-stage regulator. The difference is 

that the total pressure decrease takes place in two steps instead of one, On the 
high-pressure side the pressure is reduced from cylinder pressure to intermediate 
pressure. On the low-pressure side the pressure is reduced from intermediate 
pressure to working pressure. Because of the two-stage pressure control, the 
working pressure is held constant and pressure adjustments during welding 
operations are not required. 


(4) Acetylene regulator. This regulator controls and reduces the acetylen 
pressure from any standard commercial cylinder containing pressures up to and 
including 500 PSI. It is of the same general design as the oxygen regulator but 
will not withstand such high pressures. The high-pressure gage, on the inlet side 
of the regulator, is graduated from 0 to 500 PSI. The low-pressure gage, on the 
outlet side of the regulator, is graduated from 0 to 30 PSI. Acetylene should not 
be used at pressures exceeding 15 PSI. 


d. Hose. 


(1) The hose used to make the connection between the regulators and torch 
is made especially for this purpose. It is built to withstand high internal 
pressures. It is strong, nonporous, light, and flexible to permit ready 
manipulation of the torch. The rubber used in its manufacture is chemically 
treated to remove free sulfur so as to avoid possible spontaneous combustion. The 
hose is not impaired by prolonged exposure to light. 


(2) The oxygen hose is green and the acetylene hose is red. The hose is a 
rubber tube with braided or wrapped cotton or rayon reinforcements and a rubber 
covering. For heavy-duty welding and cutting operations, requiring 1/4- to 1/2- 
inch internal diameter hose, thr to five plies of braided or wrapped 
reinforcements are used. One ply is used in the 1/8- to 3/16-inch hose for light 
torches. 
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(3) Hoses are provided with connections at each end so that they may be 
connected to their respective regulator outlet and torch inlet connections. To 
prevent a dangerous interchange of acetylene and oxygen hoses, all threaded 
fittings used for the acetylene hookup are left hand and all threaded fittings for 
the oxygen hookup are right hand. 


(4) Welding and cutting hose is obtainable as a single hose for each gas or 
with the hoses bonded together along their length under a common outer rubber 
jacket. This type prevents the hose from kinking or becoming entangled during the 
welding operation. 


e. Oxyacetylene welding torch. 


(1) The oxyacetylene welding torch is used to mix oxygen and acetylene in 
definite proportions and to control the volume of these gases burning at the 
welding tip. The torch has two needle-type valves: one for adjusting the flow of 
oxygen and one for adjusting the flow of acetylene. In addition, there are two 
tubes, one for oxygen, the other for acetylene; a mixing head; inlet nipples for 
the attachment of hoses; a tip; and a handle. The tubes and handle are of seamless 
hard brass, copper nickel alloy, stainless steel, or other noncorrosive metal of 
adequate strength. 


(2) There are two general types of welding torches: the low-pressure or 
injector type and equal pressure type. 


(a) In the low-pressure or injector type (fig 6) the acetylene pressur 
is less than 1 PSI. A jet of high-pressure oxygen is used to produce a suction 
effect to draw in the required amount of acetylene. This is accomplished by 
designing the mixer in the torch to operate on the injector principle. The welding 
tips may or may not have separate injectors designed integrally with each tip. 


Figure 6. Mixing head for injector type welding torch. 
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(b) The equal pressure torch (fig 7) is designed to operate with equal 
pressures for the oxygen and acetylene. The pressure ranges from 1 to 15 PSI. 
This torch has certain advantages over the low-pressure type in that the flame 
desired can be more readily adjusted and, since equal pressures are used for each 
gas, the torch is less susceptible to flashbacks. 


Figure 7. Equal pressure type, general purpose welding torch. 


f. Welding tips and mixers. 


(1) The welding tips (fig 6 and 7) are made of hard drawn electrolytic 
copper or 95 percent copper and 5 percent tellurium. They are made in various 
styles and types, some having a one-piece tip either with a single orifice or a 
number of orifices, and others with two or more tips attached to one mixing head. 
The diameters of the tip orifices differ in order to control the quantity of heat 
and type of flame. These tip sizes are designated by numbers which are arranged 
according to the individual manufacturer's system. In general, the smaller the 
number, the smaller the tip orifice. 


(2) Mixers (fig 7) are frequently provided in tip mixer assemblies which 
assure the correct flow of mixed gases for each size tip. In this tip mixer 
assembly the mixer is assembled with the tip for which it has been drilled and then 
screwed onto the torch head. The universal type mixer is a separate unit which can 
be used with tips of various sizes. 


12. SETTING UP WELDING EQUIPMENT. When setting up welding equipment it is 
important that all operations be performed systematically in order to avoid 
mistakes and possible trouble. The setting up procedures given below will assure 
safety to operator and the equipment. 
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a. Cylinders. Place the oxygen and acetylene cylinders, if they are not 
mounted on a truck, on a level floor and tie them firmly to a workbench, post, 
wall, or other secure anchorage to prevent their being knocked or pulled over. A 
truck loaded with equipment is shown in figure 8. 


Oxverm §=6PREsSUaE 
ACSULATOR 


ORTGES CrumpER 


uwua_e,?!£, 


Figure 8. Complete truck, cylinders etc, with welding torch. 


b. Caps. Remove the valve protecting caps. At times the caps stick in place 
and a wrench must be used to remove them. Quite often, tapping slightly on the 
side of the cap, just over the threads, will assist in removing it. 


c. Opening the valves. Both the oxygen and acetylene valves should be opened 
slightly and then quickly closed. This will blow out any dirt or grit which may 
have accumulated in the cylinder valve outlet nipple. Opening the valves in this 
manner before the regulators are put in place also insures that the second time 
they are opened they will turn easier and may be opened slowly. 


d. Attaching the regulators. Both the oxygen and acetylene regulators are 
attached to the cylinder valve outlet nipple of their respective cylinder. To 
prevent attaching the wrong regulator to the cylinder, the size of the nut, and 
sometimes the threads, differ. Be sure that these threads are not crossed and that 
the regulator inlet nipples are firmly in place in the outlet nipples of the 
cylinder valves. Screw up the regulator connecting nut with a wrench until the 
union is gastight. 


e. Blowing out the regulators. Both adjusting screws are fully released by 
turning them to the left until there is no pressure on the regulator spring within 
the bonnet. The cylinder valves are then opened slowly, permitting the gases to 
enter the regulators. A slight turn to the right of each regulator adjusting screw 
will open the regulator valve, or seat, slightly, permitting the escape of the 


gases through the outlet nipples of the regulators. The adjusting screws are then 
released. 
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f. Attaching the hose. Both oxygen and acetylene hose lines are now attached 


to regulator outlet nipples. The oxygen hose (green) has right-hand threads and 
acetylene hose (red) has left-hand threads on their respective connecting nipples. 
This prevents their being interchanged with each other. Both are clearly marked to 
eliminate confusion. 


g. Blowing out the hose. No dirt or grit should be allowed to remain in the 


hose which could be blown into the torch where it could obstruct the flow of gases. 
Therefore, before attaching the torch, each hose should be blown out after being 
attached to the regulator. Keep open flame away while this operation is being 
performed. The ideal way to do this would be to blow the hoses out with compressed 
air before attaching the hoses to either the regulator or torch. In the absence of 
a compressed air supply, the above should be followed, observing. caution to avoid 


accidental ignition of the gases. 


h. Attaching the torch handle. The hoses are then screwed onto the torch 
handle inlet connections. Make certain they are tight. The oxygen hose is 
attached to right-hand threaded nipple (often marked OX) and the acetylene hose is 
attached to the left-hand threaded nipple (often marked AC). 

1. Blowing out the torch handle. Turn both adjusting screws to the right 
until gas flows into the hoses. Open one valve on the torch at a time, blowing out 
any dirt or grit that might have accumulated in the torch handle. Close the valves 
quickly to prevent further escaping of the gases. 


j. Attaching the tip. Select the proper size tip for the operation to be 
performed and secure it in place in the torch handle. 


k. Testing for leaks. When th quipment is completely set up and the 


regulator adjusting screws are set for the correct operating pressures, it must be 
certain that all gas connections are "GASTIGHT". This is assured by testing each 
joint with a brush and soapy water. Any escaping gas will immediately produce a 


soap bubble. 


opening the acetylene needle valve in the torch and turning the regulator screw to 


1. Adjustment of working pressure. Adjust the acetylene working pressure by 


the right; then adjust the acetylene regulator to the required pressure for the tip 
size to be used. Figures 9 and 10 provide pressure settings for a low-pressure or 
injector type torch and a balanced pressure type torch. Close the needle valv 
Adjust the oxygen working pressure in the same manner. 


ee ee ee ee 


Figure 9. Low pressure or injector type torch. 
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Tip size, No Acetylene, PSI 


i 2: 
1 2 
3 3 
4 3 
5 3.5 
6 3.5 
7 5 
8 7 
9 9 
10 12 


Figure 10. Balanced pressure type torch. 


Note. - Oxygen pressures are approximately the same as acetylene in the 
balanced pressure type torch. Pressures for specific types of mixing 
heads and tips are specified by the manufacturer. 


13. FLAME ADJUSTMENT AND FLAME TYPES. 


a. Lighting the torch. To start the welding torch hold it so as to direct 
the flame away from the operator, gas cylinders, hose, or any flammable material. 
Open the acetylene valve and ignite the gas by striking the sparklighter in front 
of the tip. 


(1) Since the oxygen valve is closed the acetylene is burned by the oxygen 
in the air. There is not sufficient oxygen to provide complete combustion so the 
flame is smoky and produces a soot of fine unburned carbon. The acetylene flame is 
long, bushy, and has a yellowish color. This pure acetylene flame is unsuitable 
for welding. 


(2) Before opening the oxygen valve, the acetylene valve should be slowly 
opened until the base of the pure acetylene flame is about 1/16- to 1/8-inch away 
from the tip face. When so adjusted the flame is stable and free from flashbacks 
or backfires. 


(3) Slowly open the oxygen valve; the acetylene flame will shorten and 
return to the tip face. The flame changes to a bluish-white and forms a bright 
inner cone surrounded by an outer flame envelope or sheath flame. The inner con 


develops the high temperature required for welding. The outer envelope contains 
varying amounts of incandescent carbon soot, depending on the proportions of oxygen 
and acetylene in the flame. 


(4) The temperature produced is so high (up to 6,300°F) that the products 
of complete combustion (i.e., carbon dioxide and water) are decomposed into their 
elements. Acetylene burning in the inner cone with oxygen supplied by the torch 
forms carbon monoxide and hydrogen. As these gases cool from the high temperatures 
of the inner cone they burn completely with the oxygen supplied by the surrounding 
air and form the lower temperature sheath flame. The carbon monoxide burns to form 
carbon dioxide and the hydrogen burns to form water vapor. Since the inner con 
contains only carbon monoxide and hydrogen, which are reducing in character (1.e., 
able to combine with and remove oxygen), oxidation of the metal will not occur 
within this zone. 


b. Types of flames. Three types of oxyacetylene flames (fig 11) are commonly 


used for welding. These are neutral, reducing (or carburizing), and oxidizing 
flames. 
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This variation within the flame 


The position of 


When applied to steel an oxidizing flam 


Th 


n Th 


the 
An oxidizing flame can also be 
temperature of this flame is 


causes the molten metal 


This indicates that the excess oxygen is combining wi 


An oxidizing flame 
the deposited metal will be porous, 
metals and should be avoided, 


A slightly oxidizing flame is used in torch brazing of steel 


cast iron. 


(d) 


(3) 
(a) 


is 0.85 to 0.95. 


In most cases the amoun 
determined by observing the action of 


slowly opening the acetylene valv 
the end of the inner con Th 
of flame carburization. 


(bo) The reduci 


Reducing or carburizing flame. 


except as noted in 


oxidized, and brittle. This f]l 


the flame to 


ame is produced when slightly more than one volume 
volume ratio is 1.7 to 1.15. 
this type of flame the torch should first be adjusted to give a neutral 
The flow of oxygen is then increased until the inner cone is shortened to 
When the flame is properly adjusted 
ly purple. 


to 
th 
should not be used for welding steel 
ame wil 


(c) below. 


and 


The reducing or carburizing flame is obtained when slightly less 


than one volume of oxygen is mixed with one 


length of this excess st 


Th 


volume of acetylen vo 


acetylen "feather" 


streamer or 


A stronger oxidizing flame is-used in the welding of brass or bronze. 


t of excess oxygen used in this flame must be 
the flame on the molten metal. 


lume ratio 
This flame is obtained by first adjusting to neutral and then 


until an is at 


For most welding operations this streamer should be 
approximately twice the length of the inner cone. 


ng or ca 


inner cone, a white int 
and a light-blue outer fl 
rushing sound and has a 
tips. 


(c) When a st 
boils and is not clear. 
heat which causes the met 


atc 


ame envel 


7 


The steel 
al to boil 


con 
ope. 


rongly carburizing fl 


The 
indicating the amount of 

This type of flame burns with a coarse 
temperature of approximately 5,700°F, 


rburizing flame can always be recognized by the 
presence of three distinct flame zones. 
rmediat 


re is a clearly defined bluish-white 
xcess acetylene, 


at the inner cone 


ame is used for welding the metal 


in absorbing carbon from the flame gives off 
When cold the weld has the propert 


treamer indicates the degr 


ties of high 


carbon steel, being brittle and subject to cracking. 
(d) A slight feather flame of acetylene is sometimes used for backhand 
welding. A carburizing flame is advantageous for welding high carbon steel, for 


hard facing operations, a 
When used in silver solde 
cones are used. They imp 
soldered. 


ring opera 


nd for welding such nonferrous alloys 
tions only, 


art a low 


temperature soaking heat to 
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as nickel 
and outer flame 
the parts being 


the intermediat 


and monel. 


14. SHUTTING DOWN WELDING APPARATUS. 


a. Shut off the gases. First close the acetylene valve and then the oxygen 
valve on the torch. Then close the acetylene and oxygen cylinder valves. 


b. Drain the regulators and hoses by the procedures outlined below. 


(1) Open the torch acetylene valve until the gas stops flowing; then close 
the valve. 


(2) Next open the torch oxygen valve to drain the oxygen regulator and 
hose. When gas stops flowing, close the valve. 


(3) When the above operations are performed properly both high- and low- 
pressure gages on the acetylene and oxygen regulators will register zero. 


c. Release the tension on both regulator screws by turning the screws to the 
left until they rotate freely. 


d. Coil the hoses without kinking them and suspend them on a suitable holder 
or hanger. Avoid upsetting the cylinders to which they are attached. 


15. WELDING RODS. 


a. Welding rods are drawn or cast metal rods of various diameters for various 
classes of work. Oxyacetylene welding rods may be grouped into two classes: 
ferrous and nonferrous. In the first group are rods of steel and cast iron, while 
the latter covers the so-called bronzes, copper, aluminum, and nickel. 1 


The welding 
rod acts as a filler metal and during the process of welding is fused with the base 
metal. Metal from such rods forms a large portion of the actual weld metal; 
consequently, the rod plays a most important part in determining the quality of the 
finished weld. 


b. Good welding rods must be of correct chemical composition and, equally 
important, free from foreign matter or "dirt”. The metal from the rod changes 
somewhat in its chemical composition and its properties after passing through the 
welding flame. A good welding rod, naturally, has its composition so fixed as to 
provide for these changes; therefore, the metal in the weld will be of as good 
quality, or better than, the parts being joined. Good rods will melt and flow 
freely and will unite readily with the base metal producing sound, clean welds. 


c. The behavior of a welding rod in the blowpipe flame gives a good 
indication of its quality. It must melt quietly and without excessive sparking. 
Welding rods are made in various diameters from 1/16 inch to 3/8 inch. As a rule, 
the diameter of the welding rod should correspond with the thickness of the 
material being welded. 


d. Welding rods should be stored in such a way that the different kinds of 
rods will not get mixed up. Steel and cast iron rods should be kept dry so they 
will not rust. Some manufacturers apply a very thin coating of copper or grease to 
prevent rust. 


e. In fusion welding, the welding rod is generally similar to the base metal. 
In bronze welding, however, the same kind of rod is used for a wide variety of base 
metals. 
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ls oxidize (i.e., form chemical 


16. WELDING FLUXES. 
a. General. 

(1) At welding temperatures all meta 
compounds with oxygen from the air) more or 
act as so much "dirt." If permitted to rema 
would seriously reduce the strength of 


(2) 
together into a 
the steel. 
the part of the 


molten metal and 


(3) 
practically all 


This slag 


In cast i 


In welding steel, 
fuses ata 
tends to float 


slag that 


operator, the 
thus removed 


of the common 


oxides of 


the various elements fo 


less rapidly and the oxides so formed 
in in the finished weld, the oxide 


the weld and might even make it useless. 


rm and unite 


ower 
to the 
se oxides can 

from 


b 


ron and aluminum welding particularly, 


the joint. 


mperature than that required to melt 
surface of the weld and, with care on 
e collected on the top of the puddle of 


and in welding 


m 


metal is considerably below the melting poin 


latter remain in 


a flux is used. 


(4) 
properties, 


(5) 
at high tempera 


reputable manufacturers, 


= 


Since the oxides of 
no one flux 


he weld as solid particles. 
This is a mixtu 
temperatures will unite with the 


oxides to f 


tals except steel, the temperature of the molten 
t of the oxides that form so that the 
In order to get rid of these oxides 
re of various chemicals that at welding 


orm an easily fusible slag. 


the differen 


is suitable for all metal 


b. Properties. 

(1) 
coating. 

(2) 

(3) 

(4) 
substances; therefore, 
application of the flux. 

(5) Fluxes are used 


volatile form. 


c. Use. 


The production of a good welding flux 
tures as well as 


4 


t metals vary widely in physical 
Ss. 


requires a knowledge of chemistry 
lding. Use prepared fluxes of 


n Ww 


xperienc 


rather than experiment with unsatisfactory substitutes. 


Prevents oxidation of the base metal by virtue of its protective 


Dissolves oxides that are formed during heating. 


n th 


Promotes capillary action betw 


Fluxes are not designed to remove oil, 


in paste, 


Figure 12 reflects the type of flame adjustment, 


dry powder, 


metals being joined. 


grease, or other foreign 


surfaces of the metal should be cleaned prior to the 


saturated solution, or in 


type of flux, and 


type of welding rod to be used for different types of metal. 


17. W 


ats 
and at an angle 


b. Th 


ELDING TECHNIQU 


ES 
ES. 


of about 45° 


between th 


Hold the torch in such a position so that the tip is 


tO. Lt. 


angl 
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in line with the weld 


rod and flame should be approximately 90°. 


a 


METAL FLAME ADJUSTMENT WELDING ROD 


F. 
N 


Steel, cast 
Steel pipe 


Steel plate— 
low carbon 


Steel sheet— 
low carbon 


High-carbon steel 


Manganese steel 


Wrought iron 


Galvanized iron 


Cast iron, gray 


Cast iron, 
malleable 


Chromium nickel 


Stainless steel 
(18-8) 


Aluminum 


Brass-bronze 


Copper 


Hard surfacing 


Neutral 

Neutral 

Neutral 

Neutral 

Slightly oxidizing 
Carburizing 


Slightly oxidizing 


Neutral 


Neutral 
Slightly oxidizing 


Neutral 
Slightly oxidizing 


Slightly oxidizing 


Slightly oxidizing 


Slightly carburizing 


Neutral 


Slightly carburizing 


Slightly oxidizing 
Slightly oxidizing 


Neutral 


Slightly carburizing 


Figure 12. 
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Steei 
Bronze 


Steel 


Base metal 
composition 


Steel 


Steel 
Bronze 


Cast iron 
Bronze 


Bronze 


Bronze 


Stainless steel 
(18-8) 

Stainless steel 
(28-8) 


Aluminum 

Brass or bronze 

Same as base 
metal 

Same as base metal 


or bronze 


Bare hard surfacing 
rod 


Flame, flux, and welding rod index. 


Cis 
slightly; 


Pass 
then 


the flam 
direct th 


over th 
flam 


d. 
the metal. 


e. 


under 


f. Care should always be taken to keep the rod wit 
the rod will stick to the plate if it touches th 
g. On metal of 1/8-inch thickness, 
wide. 
h. The filler metal 
rod into the molten puddle of metal. 
suit the individual. 
1. Before moving forward, be sure that 
fused to the base metal and not merely being 
the weld is carried forward too rapidly, 


progression is too sl 


Keep 


Just befor 
the flame. 
will melt at the same 


Penetration 


the metal 
this action is timed 


ag 


ow, 


metal several 


the end of the luminous cone abou 


correctly, both the rod and 


time and form a puddle of molten metal. 


cooler 


dges. 


the added material is act 
laid on the surface ind 


the metal will not fuse toge 
the metal is very li 


kely to be burned. 


times in order to preheat 
steadily upon the spot where the weld is 


the metal 
to begin. 


t one-sixteenth of an inch away from 


begins to melt, bring the end of the welding rod 


base metal 


thin the molten puddle since 


the bead should be approximately 3/8-inch 


from the welding rod is added by dipping the end of the 
Movement of the torch should be 


styled to 
tually being 
roplets. If 
ther, if 


— 7 


of the weld all the way through the seam to the bottom edge is 
the most important requirements of welding. 


What advantage does a two-stage oxygen regulator have over a single-stage 


Better adjustment can be obtained with a single-stage regulator 
Working pressure is held constant during welding operations 


taken? 


Threaded fittings for acetyl 


[Two-stage regulator is safer 


[Threaded fittings for oxygen hookup are right-handed 


lene hookup are right-handed 


Oxygen hoses are red and ac 


J: 
one of 
EXERCISE 
36. 
regulator? 
a. 
bs 
Cte 7 
Bhs 
have been 
av 7 
b. 7 
ou 
38% 


When adjusting th 


tylene hoses are green 


oxygen acetylen 


torch flame, 


To prevent dangerous interchange of oxygen and acetylene hoses what measures 


which type of flame would 


have a ratio of slightly less than one volume of oxygen mixed with one volume of 


acetylene (0.85 to 0.95)? 

a. Neutral 

b. Oxidizing 

c. Reducing or carburizing 
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39. 


What effect do oxides have in a finished weld? 


a Causes the bond to be stronger 
b. Removes grease and oil from surface to be welded 
c. Seriously reduces the strength of the weld 
40. What should the approximate angle between the welding rod and the flame be? 
a. 45° 
b. 90° 
Ge. “60° 
41. What is the proper time to bring the welding rod under the flame during a 
welding operation? 
a. Heat the base metal and welding rod at the same time 
b. Just before the base metal begins to melt 
c. After the base metal has formed a puddle 
SECTION IV. OXYGEN ACETYLENE CUTTING 
18. GENERAL. 

a. If iron or steel is heated to its kindling temperature (not less than 
1,600°F), and then brought in contact with oxygen, it burns or oxidizes very 
rapidly. The reaction of oxygen with the iron or steel forms iron oxide and gives 
off considerable heat. This heat is sufficient to melt the oxide and some of the 
base metal; consequently, more of the metal is exposed to the oxygen stream. This 
reaction of oxygen and iron is utilized in the oxyacetylene cutting process. A 


kindling temperature by 
reacts with oxygen, gene 
oxide are swept away by 


progresses in 


13 


bs 
heat adjacent iron 
indefinitely with oxygen 
however, e€xceSsiv 
substances, 
throughout the operation. 


stream of oxygen is impinged on 
the preheat 
rating more heat 
the rapidly moving st 
reaction continues and furnishes heat for 
this manner. 


Theoretically, the h 
red hot so 


heat absorpt 


the metal 
ting flames 


The principle of 


only, 


at created by 
that the cut, 
as is done wi 
tion at the surface, 
makes it necessary to keep the pr 


face, 

at th 
and meltin 
ream o 
melting a 


sur 


once st 


heati 
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which has been heated to the 


e torch tip. 
Sr 
f oxygen. 


the burning iron would be sufficient 
could be continued 

th the oxygen lance. 
caused by dirt, 


arted, 


ng flames of 


The hot metal 


and the molten metal and 


The oxidation 
nother layer of metal. 
the cutting process is shown in figur 


The cut 


ie) 


ractice, 
or other 


In p 
scale, 


the torch burning 


Figure 13. Starting a cut and cutting with a cutting torch. 


19. KQUIPMENT. 


a. Cutting torch. 


(1) The cutting torch (fig 14) is an apparatus for mixing oxygen and 
acetylene in definite proportions, burning the mixture in preheating flames that 
are allowed to impinge upon the work, and directing a jet of high-pressure oxygen 
to sever the ferrous material along the line of cut. In appearance, the hand 
cutting torch is somewhat similar to a welding torch, but it differs in its 
construction and method of control. It consists principally of a handle, 
connecting tubes, and head. The handle is equipped, at the rear end, with oxygen 
and acetylene hose connections. A needle valve in the acetylene inlet connection 
controls the supply. The oxygen furnished to the preheating flames is regulated by 
a preheat valve on the side of the handle. A high-pressure oxygen valve, operated 
by a trigger or lever, controls the cutting oxygen. 


(2) In some cutting torches, the preheating oxygen and acetylene do not mix 
until they are in the cutting tip. Such torches have thr gas tubes: one for 
high-pressure oxygen (top), one for preheating oxygen (middle), and one for 
acetylene (bottom). In other cutting torches, the preheating oxygen and acetylene 
premix in the torch body in a common mixing chamber. Such torches have only two 
gas tubes: one for high-pressure oxygen (top) and one for the mixture of gases 
(bottom) . 
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Figure 14. The cutting torch. 


(3) Cutting torches are furnished with a 90° or 75° angle head, or straight 


head, to suit the requirements. 


b. Cutting attachment. A cutting attachment that is fitted to a welding 


torch in place of the welding head is shown in figure 15. 


WALYE VALVE CONNECTION 


CUTING OXGS OXYGEN NEEDLE] OXYGEN HOSE 


75 DEG HEAD 


RA PD 71008A 


Figure 15. Cutting attachment for welding torch. 
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c. Tips. Ther 
to suit various type 
governs the selectio 


preheating intensity should be controlled to pr 
Cuts that are improperly made will produce ragg 
slag at the bottom of the plates. Cutting tip 


cutting speeds used 
figure 16. 


Note. - Various 


e is a wide variety of cutt 
s of work. The thickness o 
n of the tip. The cutting 


for cutting mild steel up t 


manufacturers do not adhere 


ing tip styles and sizes available 
f the material to be cut generally 
oxygen pressure, cutting speed, and 
oduce narrow, parallel sided kerfs. 
ed, irregular edges with adhering 
numbers, gas pressures, and hard 

o 12 inches thick are shown in 


to the numbering of tips as set 
me tips may carry different 


forth in this figure; therefore, so 
identification numbers. 


Plate 


Oxyuen 


Thickness Cutting Tip Pressure 


{Inch} 


tfa 
3/8 
if2 
3/4 
l 


1-E/2 


Size Number (PLS.EL) 


FNN ONIN LWW nee Ss 
ao 
wi 


Acetylene Hand Cutting 
Pressure Speed 
(PLS. 0} Inches Per 

Minute 


16,0 to 14,0 
14.5 to 16.5 
L2.0 to t4.5 
12.0 te 14,5 
8,5 to 11,5 
6.0 ty 7.5 
5 tu 7.0 
~Ots 6.5 
.0 to 5.0 
~3to 4.5 
Clo 4.0 
~5to 3.5 
-Ow 5.0 
-5to 2.0 


ORDA ew ew 
mie ew ha 


ar rer Een 


Figure 16. Oxyacetylene cutting information. 


d. Protective clothing and equipment. 


(1) Clothing manufactured of wool should be worn in preference to cotton 


Since wool is not easil 


(2) Asbestos cl 


ly burned or damaged by weld-metal spatter. 


loth or leather aprons or jackets should be worn to provide 


protection against the spatter of molten metal, especially when welding in the 
vertical or overhead positions. 


from collecting in 


(4) Gauntlet 


protect the arms and hands from weld spatter. 


free from oil andg 
metal or hot spatte 


(5) Goggles 


(3) High-upper shoes and cuffless pants should be worn to prevent spatter 
the cuffs and to protect the feet. 


t gloves that are flameproof, preferably of leather, will 


These must be in good condition and 


rease to prevent them from being ignited or charred by molten 


worn when cutting o 
shade, usually blue 


r welding by any process. 
or brown, give protection 


, spectacles, or helmets with colored lenses should always be 
The colored lenses of the correct 


from the glare or harmful rays 


encountered in arc welding and allow the operator to see the work clearly. A 
protective clear cover glass protects the colo 
changed when damaged or severely pitted by molt 


red lens from damage and must be 
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ten spatter. 


20. OP 


a. 


fittings. 


b. 
us 


its surface co 
different cutt 
orifice 


painted surfaces offer great 


ndition. 
ing tips. 


ERATION OF CUTTING 


KQUI PM 


ENT. 


Setting up and shutting down a cutting outfit. 
and shutting down a cutting outfit are the 


practically every detail, 
should be taken to avoid oil, 


and should be ca 


grease 


Selection of cutting tip. 
is determined, primarily, 
Some 
The 
to be used, however, 


by the 

materia 
main fa 
is the 


higher intensity of heat. 


tip. 


Cc. 


and excessiv 


la 


Cut 
into the cut 
unconsumed mol 
cutting oxygen 
wider kerf wit 
efficiency, 
beyond. 
cutting oxygen 


d. 
piece with the 


cul 


cutting 


a spot of metal at the 


or lever controll 


e. 


su 
fo 


pe 


cutting ori 
straight, 


f. 
tightly, with 
right hand on 
with the fo 
upon the skill 


smooth, 


Hand cutting. 
the left 


the handle in position to operate the cu 
As in all manual a 
the operator. 


refinger 


Dri 
sta 


of 
Th 


Starting the cut. 
to 


Piercing holes. 
in piercing a hole, 
the kindling temperature 
fficiently hea 
r cutting and 
rforated, the 
cut is completed. 
fice. 


more 


ted, the 


In pie 


of itsel 


On the other hand, 
rl and spread out after leaving the tip, 
h uneven sides and increasing oxygen consumption. 

tting tips should be operated at, 
This includes no 
jet to best 


When start 
time is 
than with 


r resis 
Refer to 


Cutting oxygen pressure, cutting speed. 
oxygen and acetylen 


The rules for setting up 
same as for a welding outfit, in 
refully adhered to. Particular care 

or other easily oxidizable lubricant on 


, 


= 


The correct style 
kind of material 
ls are harder to cut than oth 
ctor that controls the size o 
hickness to be cut. Very rus 
tance to the preheating flames 
figure 16 as a guide in select 


and size ,of 


F cutting tip to 
to cut, its 


thickness, and 
rs and require 
the cutting 
ty, scaly, or 
and require a 
ing the proper 


rh O 


= 


The use of oversize cutting tips 


Pp 


rge cutting oxygen orifice necessa 
than a tip with a smaller orifice, 
ting oxygen pressure, 
to oxidize the metal 
ten iron. 
jet to swi 


e 
ity 
in 


rmal gas pressures and cutting speeds 
t advantage for producing 


In most 


rch held lightly, 
preheating flame cones are about 1/16 inch above the su 
top of the edge has been heated 
ling the cutting oxygen jet is pressed and cutt 


usu 


the edge starting method. 
torch is raised about 
the cutting oxygen is turned on slowly. 
torch is again lowe 
rcing holes, 
lled holes ar 


ressures 1S uneconomical. A cutting tip with a 
rily cuts a wider kerf and consumes more oxygen 
ven if lower oxygen pressure is employed. 
avails little beyond forcing sufficient oxygen 
its path and blow away the resulting oxide and 
xcessive pressure does cause the 

thus producing a 
For maximum 

normal capacity but not 
that utilize the 

of cut desired. 


or near to, 


the quality 


cuts are started at the edge of the 

but steadily, so that the ends of the 
rface of the material. When 
to a cherry red, the trigger 


ing begins. 


cases, 


ing a cut in the metal away 
ally consumed in bringing 


from the edge, or 
the spot of metal to 
After the spot is 

the normal position 
As soon as the plate is 
height above the work and the 
care must be taken to avoid slag plugging the 


1/2 inch above 


ed to the normal 


rting edge fo 


In hand cutt 
hand supporti 


For 


relativel 
He must lea 
wave 
the torch head 
be reduced, 
along 


rn 


For best workmanship, 
and watch 
direction opposite to 


progresses, 


y Simple. 
to hold 


wavers 


1 


av 


be 


rag cons 


the torch at the p 
ring and to advance it uniformly 
from side to 
and the oxygen consumption will 


Ss 


used in certain cases, particularly, to form a 
a heavy internal cut. 


ing, 
ng it 


the torch is held steadily, but not 

a few inches back of the head and the 
ting oxygen trigger or lever 
the results obtained depend largely 
the operation of hand cutting is 
cientious operator soon acquires proficiency. 
roper height above the work without 
at correct speed along the line of cut. If 
ide a wider kerf will be made, the speed will 
be increased. If the torch is moved 


ts, t 
tunately, 


the line of cut at an irregula 
the gas consumption wil 


increase 


the. 
the drag or amount which the cut curves backward in a 
th 


t 


operator 


ravel. 4H 


r speed, the cutting will be slowed down and 
d. Poor quality cuts result in either case. 
should look down into the cut, as it 


should 
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take care that the flow of slag or oxide is clean and unimpeded through the metal. 


The torch should be moved forward just 


place clear 


through the material, as 


fast enough to allow oxidation to take, 
the cut progresses. 


g. Procedure (general}. 

(1) Attach the proper cutting tip, for the thickness of the metal to be 
cut, to the torch and adjust the oxyacetylene pressure in accordance with the 
torch-cutting instructions (fig 16). 

(2) Adjust the preheating flame to neutral. 

(3) Hold the torch firmly with one hand in such a manner as to permit the 
operation of the cutting-oxygen lever or trigger with the same hand. Use the other 
hand to steady the torch head and maintain its position in relation to the work. 
Hold the torch perpendicular to the work with the inner cones of the preheating 
flames about 1/16 inch above the end of the line to be cut. Hold the torch 
stationary in this position until the spot has been raised to a bright red heat. 
Then, open the cutting-oxygen valve slowly but steadily over the line to be cut. 

(4) If the cut has been started properly a shower of sparks will fall from 
the opposite side of the work. The movement of the torch, along the line of the 
cut, should be just fast enough for the cut to continue to penetrate the work 
completely. When done properly, the cut will be clean and narrow, similar to one 
made by a saw. 


(5) When cutting billets, round bars, 
saved if a bur is raised with a chisel at the point where 
This small portion. will heat quickly and 


welding rod 
is calleda 


h. 


(1) 
percent, can 
cuts of good 
resistance t 
impossible, 


(2) 
similar toa 
cutting area 
quenched by 
overcome by 


difficult to 


ES 


cutting acti 
the base met 


can also be used 
"starting rod". 


Cutting steel and cast iron. 


General. 
be cut without special 
quality. On the other 

o the action of the cut 

to propagate the cut wi 


flame-hardening procedure, 


preheating the part: a 


Waster plate on alloy steel. 
cut by the usual procedure, 
r plate" tightly 


This waster plate method will 
1 dil 


on because the molten st 


al. 


to start.aocu 


Plain carbon steels, 


hand, 


or heavy sections, 


precautions other than 
certain steel all 
ting oxygen making it di 


the cut is 


cutting will start immediately. 
t on heavy sections, 


and when so 


fe) 
FELTeult,; 


High-carbon steels. The action of the cut 
inasmuch as the metal adjacent 
tical temperature 
tion can be minimized 
re the cut is started. 


is hardened by being heated above its crit 
the adjacent mass of cold metal. 
t 500°F 


to 600°F be 


re 


thout the use of special 


This condit 


ime) 


The cutting act 


ting 


techniques. 


tO 


and can be improved by clamping a 
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to the upper surface and cutting through both 
cause a noticeable improvement in 1 
lutes or reduces the all 


tion on an alloy steel 


time and gas are 
to start. 


A 
used it 


with a carbon content not exceeding 0.25 
those required to obtain 
ys develop high 

and sometimes 


torch on these metals is 
the 
and 


Or 


mil 


loying content of 


(4) Chromium and stain 


heretofore could only be cut by a mel 
can now be cut by the introduction of iron powder or a special nonmet 
flux into the cutting-oxygen stream. 


less steels. These and other allow steels that 


n 


liberates a large quantity of heat. This high heat, in turn, melts 


oxides which normally protect 


oxides are flushed from the cu 


upon the iron remaining in the 
cutting-oxygen stream, combine 
slag of a lower melting point 


the steel from the action of oxygen. 


s chemical 


exposing the steel to the action of the cutting oxygen. 


(5) Cast iron. Cast i 


lting action, rather than by rapid oxidation, 


tallic powdered 
The iron powder oxidizes quickl 


y and 


the refractory 


q 


These molten 
tting face and the cutting oxygen is enabled to, act 
steel. The nonmetallic flux, introduced into the 
lly with the refractory oxides producing a 
that is washed or eroded out of the cut; thus, 


ron melts at a temperature lower than its oxide; 


therefore, in the cutting operation, the iron tends to melt rather than to oxidize. 
For this reason, the oxygen jet is used to wash out and erode the molten metal when 


cast iron is being cut. To ma 


preheated to a high temperature and much heat must b 


This is affected by adjusting 


ke this action effective, the cast iron must be 
liberated deep in the cut. 
the preheating flame so that there is an excess of 


acetylene. The length of the acetylene streamer and the procedure for advancing 


the arc are shown in figure 17 
temperature in the recesses of 


to be cut. 


For recommended 
flame, odjust excess 
acetylene streamer 
equal to thickness 


. The use of mild iron flux to maintain a high 


the cut is also effective. 


Figure 17. Procedure for oxyacetylene cutting of cast iron. 
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ERCISE 


thickness of the material to be cut governs the selection of a cutting 
What size tip would be used to cut a plate 3/4 of an inch thick? 


42. The 
tip 
a. No 2 
b. No l 
Geo “NG-3 
43. After the metal is sufficien 
metal to pierce a hole ? 
a. 1/4 inch 
bs 1/8 inch 
ore 1/2 inch 
44. When cutting billets, round 


tly heated, how high is the torch raised from the 


bars, or heavy sections with a cutting torch, what 


can be done to save time and gas? 


l at the start of the cut 


a. Raise a bur with a chisel 

b. Use an extra large tip 

c. Preheat material to a dull red color 

SECTION V. BRAZING 

21. GENERAL. Brazing is a group of welding processes in which fusion is 
produced by heating to a suitable temperature above 800°F; also, by using a 
nonferrous filler metal having a melting point below that of the base metals. 
Filler metal is distributed between the closely fitted surfaces of the joint by 
capillary attraction. Torch brazing will be the only process covered in this 
section. Other types of brazing processes are shown across the top portion of 
figure 1 of this lesson. 
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a. 


Brazing and hard soldering. 
a method for joining metal 
brazing operations where the brazing material is in the form of spelter. 
also effective in hard-sol 
temperatur 


PRINCIPLES. 


true welding operation, but 
torch is frequently used in 
It is 
that is to be used at 
for conditions 


Brazing is not a 
The oxyacetylene welding 


Ss. 


dering fittings to copper pipe 
soft solder ordinarily would not be satisfactory, 


s wher 


where greater joint strength than that provided by soft solder is needed, or for 
corrosion-resistant joints. 
b. Metallurgy of braze welding. 

(1) The bond between two plates which have been brazed together, in most 
cases, will produce an adherence stronger than the base metal itself. 

(2) It has been found that three distinct forces act to maintain adherence. 

(a) Tinning - A clean metal surface will receive a thin film of molten 

metal of low surface tension. The bond thus produced depends on the action of the 
molecular forces at the interface between the copper alloy brazing material and the 
base metal 


, 
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(b) Alloying - A diffusion of the constituents of the filler - copper, 
and others - into the base metal and a corresponding diffusion of base 
takes place in a narrow zone at the 


zinc, tin, 
metal constituents into the filler metal 
interface between the copper brazing alloy and the base metal. The base metal 
crystallizes at the interface and, when examined under a microscope, shows a 
diffusion of the copper alloy brazing material constituents into the crystal grains 
and an alloying of the filler metal with the base metal. 


fe 


(c) Intergranular penetration - The action of the molten copper-alloy 
filler material on the base metal surface tends to open the crystal grain structure 
of the base metal surface and allows the filler metal to penetrate the base metal 
along the grain boundaries. 


c. Brazing rod. 


Brazing rod is made up of a brass alloy containing approximately 60 
zinc. 


(1) 
percent copper and 40 percent 


and silicon is often added to 
and increase the 


(2) 
improve the flow characteristics, 
hardness in the finished weld. 


About 1 percent of tin, iron, 
decreas 


manganese, 
fumes, deoxidize, 


d. Fluxes. The fluxes used for braze welding should be oxidizing in 
character in order to remove oxide films from the surface of the base metal. 
Otherwise, the capillary flow of the filler metal will not take place without 
overheating. 


e. Advantages of braze welding. 


permits greater welding speed, 
likely to crack metals, such as 


(1) This process requires less preheating, 
demands a shorter cooling-off period, and is less 
cast iron, during the braze welding operation. 


(2) There is no splash or weld spatter to worry about and low temperatures 
minimize distortion. 


(3) The completed joint requires little or no finishing. 


Brazing technique does not require as much skill as the technique 
required for fusion welding. 


f. Disadvantages of braze welding. 


(1) If the joint is to be exposed to corrosive media, the filler metal must 
have the required corrosion-resistant characteristics. 
(2) All brazing alloys lose strength at elevated temperatures. 
(3) If the joint is to be painted, all traces of the flux must be removed. 
g. Torch brazing. 


(1) 


The oxyacetylene flam 


is perhaps 


parts to be brazed and has the following advantages: 


(a) 


welding equipment. 
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the most common method of heating the 


Initial cost of the equipment is low in comparison to electric arc 


(2) 


inaccessible joints. 


(3) 


(4) 


(b) Heating can be localized. 
(c) Method is applicable to many types of assemblies. 


(d) It is an extremely flexible process. 


This method of heating also has the following limitations: 


(a) Procedure is relatively slow. 


(b) Temperature control is difficult. 


(c) The flame cannot be easily applied to assemblies having multiple or 


Flames resulting from a combination of oxygen and city gas or any of 


the bottled gases, such as butane or propane, give a much greater heat and when the 
torch is properly designed giv xcellent results. 


The oxyacetylene flame is to be preferred to the others. However, the 


flame is intense and must be kept in motion in order to avoid overheating or 


melting the work. 


(5) 


A slightly oxidizing flame should be used for capillary brazing. 


A 


highly oxidizing flame retards wetting and flow characteristics of the brazing 


alloy. 


(6) 


(7) 


The size of the torch tip selected should be large enough to minimize 


= 


metal and the proper adding of the filler rod metal. 


(8) 


= 


surface. The best results are obtained by using a slightly oxidizing flame, 
the correct temperature, and applying small quantities of the filler rod 
material only as needed. This is done by keeping the filler rod near enough to the 


heating to 


flame so that the rod will maintained at a temperature near its melting point. 


(9) 


The filler rod metal has a tensile strength ranging from two to 


the preheating time, but not so large as to melt the edges of the base metal during 
the brazing operations. 


The bond strength depends directly upon the proper heating of the base 


To avoid overheating, the tip is held at a small angle to the work 


three 


times the tensile strength of the junction zone and, in many cases, a strength 


greatly in 


excess of such metals as cast iron. The tensile strength is 


approximately 35,000 PSI. 


(10) 


the filler 


Parts which are brazed must not be moved in any way that will place a 
strain on the joint until the filler metal has solidified completely; otherwise, 


metal may form cracks and the brazed joint will fail 


23. JOINT PREPARATION. 


a. The strength of a brazed joint depends directly upon the bond area 
18). This area may be increased for additional strength by beveling the edges of 
the joint or by depositing a wide face weld. 


(fig 


b. On plates three-sixteenth inch or more in thickness, it is generally 


advisable to bevel the plat dges to form a single-vee groove with a 90° included 


angle. 
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V-GROOVE 


Figure 18. Joint designs. 


c. When brazing or welding material one-sixteenth of an inch or less in 
thickness, it is impractical to bevel the joint edges since this would add very 
little to the bond area. A square-faced butt joint with an increased bond area, 
obtained by depositing filler material on a wide faced area, is more suitable. 


d. In order to obtain the maximum bond strength, the joint surfaces must be 
bright and free from oil, rust, paint, or other foreign matter. The edges to be 
joined must be cleaned on both the bottom and upper surface. 


24. APPLICATION OF FILLER ROD. 


a. If the base metal is overheated, the filler metal will become overheated 
and this will result in a porous deposit. Overheating will also cause the filler 


metal to collect in little globules, which are driven away by the force of the 
flame. 


b. If the temperature of the base metal is too low, the filler metal does not 
flow ahead by itself. 


c. The best results are obtained by using a slightly oxidizing flame, heating 
to the correct temperature, and then applying small quantities of the filler metal 
only as required. 
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25.  BRAZING GRAY CAST IRON. 


a. Gray cast i 
reason, broken castings 
can be brazed in place, 
copper, 39.25 percent zinc; 
sufficiently high st 
melting point of the non 
the cast iron; consequently, 


Because of the lower heat 


ron can be brazed with very l 
that would otherwise need 
A nonferrous filler metal 
0.75 percent 
rength bond cannot be 
ferrous fill 


the deposition of metal is greater, 


d 


requir 


less severe and stress relief heat 


for brazing, 


i 


ada 


tin) 


tle or no preheating. 
o be dismantled and preheated 
uch as naval brass 
is satisfactory for this purpose. 
obtained with silver brazing al 


Fo 


(60 pe 


ler metal is several hundred degr 
the work can be accomplished with a ] 
and the brazing can be accomplished 
the thermal stresses developed ar 


s low 


lloys. 


r this 


reent 

A 
The 
r than 


lower heat input, 
faster. 


required. 


bs 
for welding with cast 


iron rods. 


The preparation of large castings for brazing is much like 


must be sufficiently warm to preven 


treatment is usually not 


filler metal b 


for 


suf 


penetration and bonding are obtained. When possible, the joint 
from both sides to insure uniform strength throughout the weld. 
the edges should be beveled to form a 60° to 90° V. 
26. SILVER (BRAZING) SOLDERING. 
a. Silver brazing, frequently called "silver soldering," is a 


brazing process with rods having 


This is considerably lower than 
The strength of a joint made by 
metal. 


brazing filler 


b. Silver b 


percentages of copper, nickel, 


have too low a melting point. 


c. It is essential 
other foreign matter. 1 
cleaned mechanically by wire 
pickling or other means. 


that of the copper all 
this process is dependent ona 


razing filler metals are composed of silver with 
tin, a 
ferrous and nonferrous metals except aluminum, 


that the joints be free of oxides, 
The surfaces, 
brushing or an abrasive cloth; 
Extreme care must be used to g 


thin 


Va 


and zine. They are used for 


magnesium, 


scale, 
ther than cadmium plating, 


12) 


rind all 


grease, 
can be easil 
chemically by acid 
cadmium sur 


rying 
joining all 
and other metals which 


to the base metals since cadmium oxide formed by overheating and melting of 


silver brazing alloys is highly 


d. Flux is generally requi 


applied by means of a 
brazing filler metal 


rod. 


e. When silver brazing by 
is desirabl The outer envelop 


the 
of the flame, 


applied to the work. The cone o 


distribution. 
effective; 


A thin film of filler metal in a joint 
a fillet build up around the joint will increase its strength. 


red. 

than the melting point of the silver b 
base metal and properly flux the molten metal. 
brush to the part 


tOXLC. 


7 


razing 


oxyacetylen 


process, 


not the inner cone, 


f the flame is too hot for this purpose. 
clearances should be between 0.002 and 0.005 inch fo 


joints which can be used are shown in figures 18 and 19. 


Flux starts to mel 


long enough 


If one of the parts to be joined is heavier 
parts having high heat 


Also, 


f. The base metal should be heated until the 
line of the joint; 
the heated area of the base metal just 
completely into the joint. 
other, the heavier part should receive the most heat. 
conductivity should receive more heat. 
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r best filler metal 
is stronger and more 


ver 


t along 


than 


dirt, 


that required 
The joint to be brazed must be clean and the part 
t chilling of th 


a At 


ficient 


should be brazed 
In heavy sections 


low temperature 
melting points ranging from 1,145° to 1,650°F. 
loy brazing filler metals. 
film of silver 


or 
y 


faces 


the 


The melting point of the flux must be lower 
filler metal so that it will 
A satisfactory flux shoul 
ts to be joined and also to the sil 


clean the 
ld be 


a slightly reducing flame 
should be 


Joint 


Some 


the 


the filler metal is not subjected to the flame but is applied to 
to flow the filler metal 


the 


Leet ett lee, 


‘War THVE Wed ASERMALY 
Figure 19. Silver brazing joints. 
SECTION VI. SOLDERING 
2, GENERAL. 
a. Soldering is a method of bonding together two pieces of metal by the use of 
an alloy (solder) of comparatively low melting point. The type of alloy to be 
used (soft or hard solder) depends upon the metals to be joined; however, the 
solder must always melt at a lower temperature than the base metals. The nearer 
the melting points of the solder and the metal being soldered, the stronger the 
completed joint will be. 
b. Soldering should not be confused with welding. In the welding process, the 
two metals to be joined are actually fused together; in the soldering process, the 
base metals are not melted but are merely coated (tinned) with the soldering alloy 
and then "sweated" together or joined by the application of heat. The strength of 
the bond between the solder and the base metal is both physical and chemical in 
natur The solder penetrates the pores of the base metal causing the physical 
bond, and the heat used in the soldering process causes a surface reaction 
(chemical bond) between the chemical elements of the solder and those in the metal 
being soldered. 
c. Soldered joints should not be relied upon for extra strength. However good 
they may be, they must not be subjected to excessive vibrations, severe shocks, or 
heavy loads. The primary purpose of a soldered joint is to hold two or more pieces 


of metal in close contact, 


joint. 


soft soldering and hard soldering. 


such as may be 


Strength may be obtained by inter] 


28. 


are the same, 
a. Soft soldering. 


of joining two pieces of metal; 
below approximately 400°F. 
nickel, lead, tin, 
with or without the addition of 


copper, 
lead all 
with 


ither th 


Oys, 


soldering "iron" 


Al 


Soft soldering is a comparatively low-temperatur 
ted to jobs subjec 
This method is used to join metal 


Zinc, and many 
(copper) 


1 


Ith. is. restric 


locking seams, c 


of their alloys. 


or a torch. 
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other elements, 


required for sealing and solidifying a 
rimping, 


riveting, etc. 


TYPES OF SOLDERING. The two methods of soldering in common use are 
though the basic principles of 
ach serves its own special purpose. 


ach method 


method 
ted to temperatures 


ls such as iron, 
Soft solders are tin- 
and may be applied 


Note. 


Des 
the mate 
temperat 
using so 


brazing". 


section 
fundamen 


29% 


a. 


composed 
or 50/50 
having v 
may be o 


The terms 
meaning. For 
throughout th 


Hard solderin 


simplicity, 
is text. 


silver soldering). 


rials to be join 
ure o 
Ft solder. 
Ha 
V of this lesson. 


Hard 


rd soldering 


d are subjected to 


fF soft solder or when a stronge 


soldering is often 


n 


The remainder of 


tals and general 


Types of solder. 


(1) 
of 50 percent ti 
solder, the tin 

arious other prop 

btained for use o 


(2) It is essenti 


i 


which i 
solders; 
melting 


t is applied. Ti 
lead is added to 
point (like tin). 


solders 


300°F and turns liquid at 415°F, 


electric 
iron, an 


containing mostly 
(3) The 50/50 sol 


al connections, 
d sheet steel. 


Cc 


An al 


application in the 


TYPES AND FORMS OF SOLDER. 


n and 50 percent 


(silver soldering, 


"soldering copper" and "soldering iron" have the same 
the term "soldering iron" will be used 


The hard soldering method is used when 
temperatures above the melting 

r joint is required than can be made by 
called "silver soldering" or "silver 

or silver brazing) has been covered in 
this section will be devoted to the 
soft soldering field only. 


The most common material used as a soft solder bond is an alloy 
lead. 


This is known as "half and half" 


content being r 
ortions of tin 
n certain jobs. 


pr 


al that the solder 
n is the principal 
decrease the cost 


Solders with a high lead content cool slower 


therefor 


to lead, 


Solders 
and 30/70, 


sented by the first figure. 
such as 60/40, 40/60, 


"set" or alloy with the metal surface on 
"wetting" or alloying element of soft 

of the mixture and because it has a low 
than 


tin; i, 


der, which reaches 


opper tubing, 


used wh 


very narrow plastic range; 
approximately 370°F. 


re the temperatu 


of the work 


1. 


they l 


is suitable fo 
copper. 

Lloy of 60 percent 

requirement 
becomes plastic at 
Solders containing 30 percent 
specially used for filling dents and welding joints on aut 
a wide plastic range and are most suitable to this type o 


ave a smoother joint. 


the plastic stage at approximately 
r soldering automobile radiators, 
sheet, brass, cast iron, galvanized 
tin and 40 percent lead is generally 
is critical. This alloy has a 
approximately 360°F and liquid at 
tin and 70 percent lead ar 
omobile bodies; they hav 
work. This solder 


becomes plastic at approximately 360°F and remains mostly in that state until 


approxim 


b. 
pound ba 


such as pellets, 


powdered 
views of 
To preve 
crimped 


ately 495°F, when 
Forms of solder. 
rs and wire forms 
rings, w 


rosin (rosin cor 


net 
at 


short interval 


at 


So 
(fig 20). 
ashers, 


Solder 


e solder) or acid 


the liquid acid from leaking from the acid cor 


s. Wire solder is 


turns to a near liquid fo 
ft solders are manufactured commercial] 


and other unusual 

Wire solder is wound on a spool and may be solid or 
(acid co 
a solid and several acid and rosin cor 


rm. 


y in solid 1 
obtainable in special forms 
forms for special applications. 
contain a core of compressed 
re solder). Cross sectional 
solders are shown in figure 21. 
solder, the solder is 


is also 


determin 
alloy us 


s the ratio of s 


e, 


older to flux, 
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regardless of strand size, 


designated by number, and the core size 
type of flux, or 


Figure 20. Forms of soft solder. 


ce. ACID CORE 


Figure 21. Forms of wire solder. 


30. FLUXES. 


a. Types of flux. 


(1) 


corrosive f] 


soldering ga 


be used on 


General. There are two classes of flux: corrosive and noncorrosive. A 
ux, such as borax, sal ammoniac, or zinc chloride, is used when 
lvanized iron, zinc, iron, and steel. A corrosive flux should seldom 


corrosive flux has been used, th 


trace of flux that may be left on it, thus preventing the flux 
of the material. Noncorrosive fluxes, such as stearine, rosin, 
used when soldering tin, copper, 


lectrical work as it eats away the metal being soldered. When a 

joint must be thoroughly cleaned to remove any 
from eating away any 
and tallow, are 
lead, etc. The noncorrosive flux prevents the 


forming of oxide and cleans the metal surfaces without eating away any of the 
surface material. Rosin is the most common noncorrosive-type flux. 
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(2) Process. In order to have a cleansing effect on a metal surface, the 
flux used must melt at or below the fusing point of the solder, and it must prevent 
any oxidation by excluding the air during the soldering process. Different metals 
solder better with different fluxes: therefore, the manufacturer's recommendations 
should be followed whenever possible. 


(3) Liquid flux. Liquid fluxes are usually salts of acids in solution; for 
example: zinc chloride dissolved in water. All liquid fluxes, with the exception 
of rosin dissolved in alcohol, are corrosive. The residue of the salt solution 
left on the work after soldering must be thoroughly removed to prevent 
deterioration of the soldered joint. iquid rosin flux is noncorrosive, and its 


residue need not be removed. 


(4) Paste flux. Soldering pastes may be acid- or nonacid-type fluxes. They 

consist of grease or wax containing an acid or nonacid flux. Acid pastes are 
corrosive, and their residue must be removed. Nonacid pastes, such as petrolatum 
(e.g., vaseline) mixed with rosin, are noncorrosive but should also have their 
residue removed to prevent dust and dirt from collecting on the finished work. 

This is particularly important in soldering electrical connections, because the 

dust and paste mixture may form a short circuit. In all work in which pastes are 
used as fluxes, the joints should be thoroughly cleaned to remove any excess greas 


b. Preparation of zinc chloride. Zinc chloride flux is made from hydrochloric 
(muriatic) acid by placing the acid in an earthenware container and adding a few 


pieces of zinc to "cut" it. This causes a vigorous chemical reaction. Enough zinc 
should be added to "kill" the acid; that is, until all reactions have stopped. The 


reaction produces explosive hydrogen gas; therefore, the preparation of the 
solution should be done outdoors. After the solution has been strained through 
several thicknesses of cloth, it is ready for use. Hydrochloric acid may be used, 
without adding zinc, as a cleaning agent on heavily oxidized surfaces. vhen using 
hydrochloric acid on zinc and galvanized iron, the zinc metal or the zinc in the 
galvanized coating combines with the acid to form zinc chloride flux. 


31. SOLDERING IRONS. Soldering irons are heated by one of two methods 
-externally or internally. The externally heated iron may be heated by a 
blowtorch, bunsen burner, portable fire pot, etc. The internally heated iron is 
heated by an electrical heating element. 


a. Flame-heated iron (nonelectric). The ordinary flame-heated soldering iron 
consists of a tip made of solid copper 3 or 4 inches long, usually octagonal in 
cross section with a tapered point on one end and a steel rod to which a suitable 
wooden handle is fastened (fig 22). Soldering irons are rated according to weight. 
Selecting the proper size or weight iron is important. A heavy iron will hold heat 
longer than a light one; however, a medium or lightweight iron is easier to handle 
and is more suitable for small jobs. Beginners should start by using a medium 
weight iron. The lightweight flame-heated iron is generally used by radiator 
repairmen, electricians, etc, who require only a little solder at a time and an 
easily manipulated tool that retains sufficient heat for a short period. This type 
of soldering tool, however, requires repeated heating over an open flame. 


137 


eine se 


Figure 22. Soldering irons. 


b. Electric iron. The electric soldering iron is a more convenient tool to 
use if a 110-volt alternating or direct current is available (fig 22). This iron 
is obtainable In different sizes (100-, 200-, 300-, and 500-watt). The 100- and 


200-watt sizes are used for light work, the 300-watt for medium work, and the 500- 
watt for heavier work. A variety of tips are also available for use on special 
jobs. The electric iron heats quickly and remains uniformly hot until the current 
is turned off, thereby permitting faster work than with externally heated irons. 

If the electric iron becomes too hot for a given job, the current can be turned off 
for a few minutes to allow the iron to cool to a suitable soldering temperature. 
Automatic electric soldering irons also have been developed that have a 
thermostatic unit, similar to that found in electric flatirons, to limit and 
control the temperatur 


32. GASOLINE BLOWTORCH. 


a. General. The gasoline blowtorch (fig 23) is commonly used as a means of 
heating the flame-heated soldering iron. However, with proper adjustment of the 
flame, it may also be used as a soldering torch. 
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Figure 23. Gasoline blowtorch. 


b. Filling the fuel tank. To fill the fuel tank, the torch is turned upside 
down and the filler cap unscrewed from the bottom. The tank is filled three- 
fourths full, thus allowing sufficient space to build up the proper air pressure 
above the fuel level. (White or unleaded gasoline should be used as fuel in 
blowtorches.) The cap is then replaced tightly and the torch set upright. A tank 
pressure of only a few pounds should be pumped in by operating the pump handle 
approximately 30 strokes for starting purposes -another 10 strokes are added after 
lighting. 


c. Igniting. Before lighting the torch it is necessary to preheat the 
burner. A little gasoline should be run into the drip cup directly under the 
burner by opening the flame adjuster valve and holding a flat object against the 
mouth of the burner for a few seconds to prevent gasoline from escaping by 
directing it into the drip cup. The flame adjuster valve is then closed (all 
excess gasoline should be wiped off the torch with a rag) and the gasoline in the 
drip cup ignited. It is important for the torch not to be in draft so that the 


preheating flame will be concentrated on the burner. Just before the flame in the 
drip cup burns out, the needle valve must be opened slightly (by turning the flame 
adjuster valve wheel) to allow gasoline to enter the heated burner; this causes the 
liquid gasoline to vaporize as it enters the burner and produce a hot flame. A 


steady blue flame is desired (insufficient preheating of the burner is indicated by 
an irregular yellow flame). While the blowtorch is in operation, the air pressure 
in the tank must be maintained to insure a forceful operating flame. 
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d. Adjusting the flame. The flame adjustment for the gasoline blowtorch is 
made by turning the flame adjuster valve wheel - counterclockwise to open the valve 
and clockwise to close it. Opening the valve produces a longer and hotter flame, 
while closing the valve produces a shorter and less intense flame. When the torch 
is used for heating the soldering iron, adjustment of the flame will depend upon 


be soldered. 


e Extinguishing the flame. 


the size of the iron to be heated. When the torch is used as the soldering tool, 
the flame adjustment to obtain proper heat will depend upon the size of the area to 


iG 


To extinguish the flame of a blowtorch, the 


needle valve should be closed gently - never too tight, as this will enlarge the 
precision orifice and damage the delicate valve seat. When the torch is hot, the 
valve seat is in an expanded state and the needle (if closed tightly) would be 
turned into the orifice too far, causing it to jam and stick when the torch cools 
and the metal contracts. As a precautionary measure, the needle valve should 


always be backed out slightly after the flame is extinguished, but not enough to 


allow any fuel to escape. 


Note. - It is well to make a safety check after the torch has cooled, to 
determine if gasoline is seeping or dripping from the blowtorch burner. 


f. Maintenance. The most frequent cause for malfunctions of the blowtorch is 


that of carbon deposits forming in the small fuel passage. These deposits may be 
removed by unscrewing the cleanout plugs and hand twisting a small drill of exact 
size into the passage. When a drill of the proper size is not available, a short 
length of stiff wire may be used. 


ct ct 


Note. - One cleanout plug is in the top of the generating unit behind the 
soldering iron hook, the other below the needle valve (fig 23). 


CAUTION: It is 
large 
small 


important to choose a drill of the proper size since a drill too 
will cut out and enlarge part of the passageway and a drill too 
will not remove all the carbon deposits. 


33. OXYACETYL 


ENE EQUIPMENT. The oxygen-acetylene torch and apparatus used for 


soldering is the same as that used for welding and brazing which has been covered 
in sections III and V of this lesson. The flame used for soldering is the reducing 
or carburizing flame. 


34. SOLDERING 


PRINCIPLES. 


a. Introduction. Soldering with externally heated or electric soldering 


irons may be quite 


simple, providing the following factors are remembered: 


(1) The correct size and shape of iron must be selected for the particular 
work to be done, and the tip should be tinned properly. 


(2) Solder 


will not stick to dirty, tarnished, or corroded metals. 


(3) The correct type of flux and solder should be used. 


(4) The soldering iron must not be overheated. 


(5) The area to which the solder is to be applied must be hot enough-to 


melt the solder, or poor adhesion will result. 
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b. 


Preparing the iron. 
essential for good soldering. 


A properly shaped and tinned soldering 
The tinning operation is applied to a new iron or to 


is 


iron tip 


one that has been heated to a temperature so high that the coating of solder has 


been burned. 
(1) 


(a) 
remove old solder, 


Filing. 


pits, 


so that it may be properly tinned. 


(b) 
melt old sol 


outside the flame. 


flame of the 


the high heat conductivity of copper, 
as its 


sam 


temperatur 


(c) 


faces. 


has been removed. 


(dq) 


filing. 17 
or holding clamp. 
seen, 


™m 


(2) Tinning. 
(a) 


make solder 


colors; 
ectric ji 


various 
hot. El] 


If the tip of 
necessary to repoint it. This is accomplished by heating 
and hammering it on an anvil 
length of the copper portion. The hammer blows should be dist 
The iron may then b 
hot into cold water to permit filing the point 
iron should not be hammered, 


Flow readily; 


Before it is filed, th 
der left on 
heating process may be accomplished by several 
a bunsen burner is used, 


the surface. 


The tip of the soldering iron is filed to shape the point and to 
and tarnished spots from the working surface of 


the iron 


soldering iron should be heated hot enough to 


With externally heated soldering 1 


me 


thods. 


rons, this 


If a hot gas flame such as 


the iron should be pl 
A gasoline blowt 
torch should b 


concentra 


thick end. 


the solde 


torch may also 
ted on the 


ring iron is badly pit 


be used. 


annealed 


filed, 


bright metal on a newly filed tip. 


(b) A 
rubbed on a bloc 


soldering practices. 
an overhead position, 


to solder with the iron in an over-head 
in the solder flowing away from 
may be wiped off with a clean dry cloth. 


result 
solder 


(c) 


All side 
However, 
only one side of 


dry cloth each time it is removed from 
with the flux residue and oxidation of 


until the point 


or plunged 


s of 


if the job su 
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(softened) 


to 
in 


A vise or holding clamp should be used 
The working surface of the tip should be parallel with 
The tip should be filed on all sides until ba 
using a fine flat file to prevent cutting away too much metal. 


fter the tip of the iron has been proper] 
k of sal ammoniac flux and solder applied 
flux if core solder is used). the t 
rface requires that 
the tip should be 


position, 


by being reheat 


a finish. 


tted or uneven, 
the 
tapers back about 


The tip of an elect 


to water until 


The iron should be heated to the minimum temperatur 


to secure 


laced over the burner with the point 
Using this method, the 
thick end of the iron. 
the point will be heat 


Because of 


ted to practically the 


it may be 


tip to a dull red 
one-fourth the total 
tributed evenly on 


the 


ted and plunged red 
ric 
the heating element 


the iron while 
the top of the vise 
re metal can be 


required to 


an overheated iron will not tin prope 
heated iron is ready for tinning when the surface appears to be 
a green flame coming from the heated 
ron overheating can be recognized by 


tip indicates that it is 
the sudden tarnishing of 


ly heated, 
(omit 


ip should be 


The tinned point should be cleaned with a soft 
the heat; 
the solder. 


otherwise it 


tinned. 
a completely tinned tip 
the joint as shown in figure 24. 


rly. An externally 
covered with 


too 
the 


it should be 
the sal ammoniac 
tinned for general 
the iron be used in 
When attempting 
will 
Excess 


wire brush or clean 
will become coated 


Cc. 
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incorrectly tinned point. 


Figure 24. Iron tinned for working on underside:. 


Preparing the job surface. 


(1) Cleaning. Cleaning the surfaces to be joined is an important step in 
soldering operations. If soldering is not already made impossible by the presence 


of dirt, 
weakened. 


sandpaper. For heavily oxidized surfaces, a solution of muriatic (diluted 


rust, corrosion, oil, or grease, any bond obtained will be seriously 
Cleaning may be done with a scraper, file, wire brush, emery cloth, or 


hydrochloric) acid may be used as a cleaning agent. Cleaning should be considered 
satisfactory when the portion of the bare metal to be soldered shows a smooth 
bright surface. The cleaned surface of the metal should not be touched because 
that will leave a grease stain or perspiration mark that is sufficient to keep the 
solder from adhering properly. 


(2) FEluxing. 


should i 


(a) To stop the formation -of additional oxide, the cleaned metal surface 
mmediately be protected from the atmosphere with a coating of flux. The 


metals to be soldered should be heated by holding the soldering iron flat against 
the surfaces of the joint as shown in figure 25. A small amount of flux should 
then be applied to the surfaces of the heated metals. Only a small amount of flux 
is necessary because when applied to heated metals it spreads rapidly. igquid flux 
can be applied with a small brush, swab, or squirt can. 


b. Incorrect methud, 


a. Correct method. 


li Létl tit tél él tl lll ta (LLL hh dd hhtikhdddikhlhia 


Figure 25. Correct and incorrect methods of using cored solder. 
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(bo) When cut acid is used as a flux, the water in it turns to steam 
under the soldering heat and is lost. This dries out the flux; therefore, 
additional water is required to maintain full effectiveness. More water or flux 
should be applied to the areas of the metal to be soldered while reheating or 
changing the soldering iron. Unless the flux is refreshed the solder will not bond 
to the metal. 


(c) When using the acid-type or paste flux it is necessary to wash the 
surface with water to remove all traces of flux residue. When cored solders are 
used, separate fluxing is unnecessary since the flux and solder are applied in one 
operation. 


d. Applying solder. 


(1) Solder should be applied directly to the joint before the flux has a 


chance to evaporate. The tip of the soldering iron should be kept in contact with 


the metals being soldered until the solder flows freely over the joint. Heating of 
the metal should not be continued past this point or the solder will flow away from 
the joint along the sides of the metal pieces. Insufficient heating of the metals 
will prevent the solder from flowing freely, creating a weak cold joint. 


(2) Bar and solid wire solders may be applied either to the tip of the iron 
and flowed onto the work or applied directly to the heated surfaces. The latter 
method is more advantageous because it is easy to tell whether or not the surfaces 
have been sufficiently heated. The metals to be joined must be heated enough to 
melt the solder. When using acid core or rosin core solders, the solder should not 
be applied directly to the hot tip of the iron and dripped on the work but should 
be applied directly on the surface (fig 25A). Melting acid or rosin core solders 
on the hot tip will cause evaporation of the flux, possibly resulting in an 
imperfect joint. After using acid core solders, the end of the solder wire should 
be crimped before storing to prevent loss of acid. 


a. Correct method, 


Figure 25A. Correct and incorrect methods of using cored solder. 


(3) When soldering large joints, the movement of the soldering iron is 
important. When the iron is moved too slowly, the molten solder tends to spread 


away from the joint being soldered. If the iron is moved too rapidly, the solder 
will not have a chance to melt completely, the cracks in the joint will not be 
filled, and a weak joint will result. When soldering heavy materials, the iron 


should be moved slowly. On light materials, whose melting point approaches that of 
the solder, the iron should be held at one spot no longer than necessary to melt 
the solder thoroughly. When using a very hot soldering iron, the angle of the iron 
should be shifted as the work progresses so that more and more of the flat tinned 
surface of the tip comes in contact with the surfaces being soldered. This 
procedure will keep the applied heat more constant. With an electric soldering 
iron, no shifting is necessary, for its heat remains stable. 
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e. Sweating a lap-joint. The process of "sweating" two metal surfaces 
together is widely used for joining sheet metal (fig. 26). In this operation, the 
particular areas of the surfaces to be joined must first be thoroughly cleaned, 
luxed, and tinned. When the metals have cooled, the tinned surfaces are again 
fluxed and then lapped. While holding the surfaces in close contact, heat is 
applied to the untinned outer side of the job with either a soldering iron or 
torch. This will melt the solder between the metals and bond them as they cool. 


h Fh 


MEAT OPPLIED BY SULOERMNS iNOW 


Figure 26. Method of sweating a lap-joint. 


35. SOLDERING WITH A TORCH. 


a. Common uses. Torches are used to heat large or heavy metal areas for 
soldering. When speed is required, a hand torch is preferable to the soldering 
iron, and many times the torch can be used to reach out-of-the-way places that 


cannot be reached with the soldering iron; e. g., the inner parts of a radiator 
core. The torch is also very useful for melting soldered joints when dismantling 
parts. 


b. Method of using torch. 


(1) The method of applying solder using a torch does not vary greatly from 
soldering with an iron, Procedures for the cleaning and fluxing of metals to be 
soldered are the same as those described in paragraph 34c. However, when applying 
solder, the flame of the torch is applied to the metal surfaces at the same time as 
the solder. 


(2) The requirements of a satisfactory torch flame are: 


(a) A flame that will not be extinguished by the fumes of the flux. 


(b) A flame giving enough heat to accomplish soldering quickly, yet not 
too hot to damage the metal surfaces being soldered, 


(c) A flame that can be adjusted to suit the needs of the job, such as a 
long, slim needle-pointed flame capable of reaching out-of-the-way places or a wide 
flame for dismantling of parts or for heavy metal areas. 
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c. Precautions. The flame from a blowtorch or oxyacetylene torch can produce 
intense heat and should not be used close to flammable substances, nor should it be 
used for soldering wires or components around engines. The intense heat may burn 
the insulation from wires and other components. When torches must be used in a 
confined space, it is suggested that all demountable parts be removed for the 
soldering operation. This will prevent possible damage to those parts. 


EXERCISE 


45. What type of joint would be made when brazing two plates 1/4 of an inch thick 
or more? 


a. V-groove 
b. Butt 
Cx Scart 


46. What type of flame gives the best results when brazing? 


a. Neutral 
b. Oxidizing 
c. Reducing 


47. What type of solder would normally be used to repair radiators? 
a. 60/40 
b. 50/50 
ec. 30/70 


48. Which type of soldering flux is noncorrosive? 


a. Borax 
b. Zinc chloride 
c. Rosin 


49. What type of flame is used to solder using oxygen-acetylen quipment? 
a. Oxidizing 
b. Reducing 
c. Neutral 


50. When soldering large joints what will cause the solder to spread away? 


a. Soldering iron is moved too slow 
b. Improper flux 
c. Insufficient heat 


36. SUMMARY. In this lesson we have discussed safety as applied to oxygen and 
acetylene welding and cutting operations; setting up oxygen and acetylene welding 
equipment for welding, brazing, soldering, and cutting operations; and soldering 
methods using soldering irons both electric and nonelectric. All operations should 
be performed systematically in order to avoid mistakes. There are many ways to 
bond metal as was shown by the welding process chart, but only the methods you will 
be mostly associated with in the field and in normal operations have been listed. 
You should have learned enough to properly supervise the use of equipment covered 
by this lesson. 
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ORDNANCE SUBCOURSE 017 
SUPPORTING SERVICES 


RESPONSE 
Refer to para 3b(1). 
Refer to para 6e(3) (a). 
Refer to para 4b. 
CORRECT. Holding capacity is generally 1-1/2 to 3 inches and 
normally do not have pipe holding jaws. 
CORRECT . To read a micrometer the first thing is to record 
the highest figure visible on the barrel. Then count the 
number of lines between that figure and the thimble edge. 


Next, take the reading on the thimble and add all three for the 
reading. 

CORRECT. The V-groove should be beveled to include a 90° 
angle. 

CORRECT. If the soldering iron is moved too rapidly the 
solder will not have a chance to melt. Proper heat 


application is very important in making a good bond. 


Refer 


CORREC 
change 
types 


CORREC 


to para 14b(5). 


Ti. The graduations on the metric micrometer must be 
d; however, the same principle is applied in reading both 
of micrometers. 


tT. Th ffective length would be approximately 11/16 inch 


with the total length of thread 1 inch. 


Refer 
Refer 


CORREC 
along 


Refer 


Refer 


Refer 


Refer 


CORRECT. 


carbon 
nonfer 


Refer 


to para Je(l). 

to para 8b(3). 

Ts. When using snips there is danger of metal fractures 
the edges of the metal during the shearing process. 

to para 9c(2). 

to para lic(3). 

to para 4e(1)(e) and fig 29. 

to para 6e(3){b). 

CORRECT. Threaded fittings for acetylene are left-handed. 


Oxygen hoses are green and acetylene hoses are red. 


™m 


This type flame is advantageous for welding high 
steel, for hard facing operations, and for welding 
rous alloys such as nickel and monel. 


to para 29a(3). 
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192 


197 


204 


213 


215 


223 


231 


235 


236 


241 


242 


243 


248 


253 


256 


259 


264 


274 


276 


277 


278 


279 


288 


289 


CORRECT. If the reamers are only slightly dulled the edges 
can be honed on an oilstone, but special jigs are required to 
sharpen the edges correctly and this is a factory or depot 
operation. 


Refer to para 5c(3}{d) 


Refer to para 34d(3). 


CORRECT. Prior to coating the pipe the male and female 
threads must be inspected and if necessary cleaned with a stiff 
brush. 
Refer to para lé6éa(l). 

Refer to para 4c(2) (d). 
Refer to para 5f(5). 

Refer to para 6b(1) (a)c. 


Refer to para 3a(2) (c). 


Refer to para 4d(8). 
Refer to fig 15. 


Refer to para 4d. 


Refer to para 9b(1). 


CORRECT. Rosin flux is the most common noncorrosive type 
flux. This type flux prevents the forming of oxide and 
cleans the metal surfaces without eating away any of the surface 
material. 


Refer to para 12a(2)(c). 
Refer to para 7Jc(2). 
Refer to para 14b(5). 
Refer to fig 16. 

Refer to para 2a. 


Refer to para 20e. 


Refer to para 11c(3). 


CORRECT. Too much heat will increase the pressure which may 
cause the safety fuse in the cylinder to blow out. 


CORRECT. Turning the wrench too fast or too slow will cause the 
reamer to chatter and will produce an unevenly reamed hol 


CORRECT. This punch is ground to a slender, long tapered, 
cone-shaped point terminating in a sharp 30° conical tip. 
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290 
292 


293 


295 


296 


298 


299 


309 


324 


326 


330 


333 


336 


341 


342 


347 


349 


356 


358 
362 
369 


375 


378 
3:19 


Refer to para 5b(3) (h). 


CORRECT. Opening the valve the full limit prevents leakag 


around 


the valve stem. 


CORRECT. A quarter turn clockwise on the handle for each 


complet 


te revolution gives the wheels a "bite" on the pipe until 


the pipe is cut. 


Refer to para 9c(2). 

Refer to para 10b. 

CORRECT. The automotive exhaust method is also considered 
acceptable by military personnel. The two methods are considered 
easiest. 

Refer to para 24c. 

Refer to para 4d. 

Refer to para 6b(6). 

Refer to para 8b(3). 

Refer to para 9b(1). 

Refer to para l/7e. 

Refer to para 6e(3) (b). 

Refer to para 6b(4). 

CORRECT. The cape chisel is also used for cutting narrow 


Grooves and square corners. 


CORRECT. Soda ash is used on other metals but not on aluminum. 
Chlorinated hydrocarbons are not used at all. 


CORRECT. The cutting oxygen pressure and cutting speed must 
also be considered in order to make a neat cut. 


Refer to para 17b. 

Refer to para 30a(1). 

Refer to para 3b(1). 

CORRECT. Some other types of check valves are swing, disk, 


and adjustable check. 


CORRECT. Other special purpose pliers are brake spring, glass 
holding and breaking, ignition and brake key, and snapring. 


Refer to para 5a(3). 


CORRECT. This type flame burns with a coarse rushing sound 
and has a temperature of approximately 5.700°F at the inner cone 


tips. 
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382 


390 


Refer to para 3a(2) (c). 

Refer to para 10c(1) (a). 

Refer to para 4b(5). 

Refer to para 23b. 

Refer to para 20e. 

Refer to para 6d(2) (c). 

CORRECT. Use a slightly oxidizing flame, heat to the correct 
temperature, and apply small quantities of filler rod material as 
needed. 


Refer to para 23b. 

CORRECT. A hook rule has a sliding hook which facilitates 
measuring from a shoulder. Figure 41 shows a hook rule. 
Refer to para 29a(3). 

Refer to para 33. 

Refer to para 5b(3) (h). 

CORRECT. Width and shape of blade tips vary from a narrow 
parallel sided tip to a wide tapered tip. Some have special 
tips. 

CORRECT. Turning the wrench counterclockwise will cause the 
tool to become dull, fail to cut, and become useless. 


ra 5a(3). 
ra 4£(1)(c). 
ra 6d(2)(c). 


ra 10c(1) (a). 
ra lve. 


ra 2a. 


ra 17b. 


This blade is used on solid stock, aluminum, 


babbitt, tool steel, high speed steel, and cast iron. 


to para 13b(3). 


Also, never use acetylene from cylinders without 


the pressure with a suitable pressure reducing regulator. 


Fluxes are used to get rid of oxides. Fluxes 


are not designed to remove oil, grease, or other foreign 


Refer to pa 
Refer to pa 
Refer to pa 
Refer to pa 
Refer to pa 
Refer to pa 
Refer to pa 
CORRECT. 
Refer 
CORRECT. 
reducing 
CORRECT. 
substances. 
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510 


O2:b 


B22 


523 


524 


527 


B29 


536 


53.71 


a3 


541 


547 


562 


Refer to para 4d(8). 


Refer to para 8c(7). 


Refer to fig 11. 


CORRECT. These type fittings can be used with either rigid or 
flexible copper tubing and are made in the usual iron pipe 
patterns. 


Refer to para 11d(3). 


CORRECT. The minimum bending radius would be not less than 1- 
3/4 inches. 


Refer to para 34d(3). 


Refer to para 20g(5). 


Refer to para 33. 


CORRECT. The ball peen hammer has a round ball-shaped head and 
is used for all general purpose work. 


CORRECT. Pipe is also furnished plain (black) or galvanized and 
normally in 21-foot lengths. 


Refer to para 4b(5). 


Refer to pars 24c. 


CORRECT. If this action is timed correctly, both the rod and 
base metal will melt at the same time. 


CORRECT. Type K is used for underground or heavy-duty purposes 
and type L is used for general indoor plumbing. 


CORRECT. Also, use the longest screwdriver available which is 
convenient to work with. Oil or graphite on machine screws 
help to drive the screws easier. Use soap on wood screws. 


Refer to para 6e(3) (a). 


Refer to pars 4b. 


Refer to pars 12a(2)(c). 


CORRECT. A welding rod can also be used to start a cut on heavy 
sections 


Refer to fig 15. 


Refer to par 5e(3). 


CORRECT. The three-sided file tapers toward the point, is 
double cut, and has fairly sharp corners. Refer to figure 
35. 
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563 


S12 


S13 


SL 


578 


579 


581 


582 


584 


591 


594 


D395: 


39-7 


612 


617 


627 


628 


630 


634 


635 


636 


para 1l1d(3). 
para Je(1l). 


The retreading die will cut American Standard coarse 
threads and the adjustable die will cut both Standard 


coarse and fine threads plus standard sizes used in Britain and 


Refer to 
Refer to 
CORRECT. 
and fine 
other Eu 
Refer to 
Refer to 
Refer to 
Refer to 
Refer to 
Refer to 
CORRECT. 


ropean countries. 
para 6c(7). 
para 5f(5). 


para 5d(1) (b). 


para 6b(4). 
fig 11. 
para 13b(3). 


Mud taps and staybolt taps are considered special 


purpose taps. 


CORRECT. 
from high to intermediate and then to working pressure. This 


pres 
are 
York 
the 


Fits 
to f 


sure 
not 
ing 
cyli 


CORRECT. 


the 
it t 


CORRECT. 


adap 
flar 


Refe 


Refe 


ters 
e is 


r to 


r to 


CORRECT. 


an inch away from the base metal. 


CORRECT 


By using a two-stage regulator the oxygen is reduced 


is constant and adjustments during welding operations 
required as they are on the single-stage regulators. 
pressure on a single-stage regulator must be adjusted as 
nder pressure falls. 


Socket wrenches have two openings: one a square which 
handle and the other a circular hole with notched sides 
he bolt, screwhead, or nut to be turned. 


A double flaring tool has the additional feature of 
that turn in the edge of the tube before a regular 45° 
made. 


para 4e(1)(e) and fig 29. 
para 6b(6). 


Also, keep the end of the luminous cone about 1/16 of 


End-to-center measure is also used to measure a piec 


of pipe having a fitting screwed on one end only. 


para 5c(3) (d). 
para léa(l1). 
para 6b(1) (a)2. 


This type caliper is used for measuring recesses 
e setting cannot be transferred to a scale directly 


Refer to 
Refer to 
Refer to 
CORRECT. 
where th 
becaus 


the legs must be collapsed to remove them from the work. 
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637 Refer to para 8c(7). 


639 Refer to fig 16. 


642 CORRECT. 50/50 solder is one-half tin and one-half lead. It 
is also used for electrical connections, copper tubing, brass, 
cast iron, galvanized iron, and sheet metal. 


643 Refer to para 10b. 

647 CORRECT. As soon as the plate is perforated the torch is 
again lowered to the normal height above the work to complete the 
cut 

657 Refer to para 4c(2) (d). 

661 Refer to para 5d(1) (b). 

662 Refer to para 30a(1). 

679 Refer to para 7Jc(2). 

685 Refer to para 5e(3). 

690 Refer to para 4f(1) (c). 

691 Refer to part 6c(7). 

699 Refer to part 20g(5). 
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